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EDITORIAL NOTE 
THIS research quarterly, or Iowa State College Journal of Science, has been authorized and established for several distinct purposes as 
follows: 
First, to furnish a medium for the prompt publication of the results 
of research. Experience has shown that many of the technical 
and scientific journals are at present overcrowded, and it is fre-
quently impossible to secure publication of an article for many 
months or even a year or more after acceptance. 
Second, to give opportunity for the publication of preliminary notes. 
Third, to afford space for the publication of some articles of greater 
length than can usually be accepted by special journals. 
Fourth, to give a publication channel to such results of workers on 
the research staffs as are scarcely long enough to warrant pub-
lication as separate bulletins. 
Fifth, to provide for the prompt publication of certain of the doctoral 
dissertations. 
The Journal has come into being as the result of the studi~ and 
recommendations of a committee acting for the Iowa State College Chap-
ter of the Society of the Sigma Xi, and for the Osborne Research Club. 
It is to be trusted that in form, content and scope the publication will 
reach the high standards set by its proponents. 
LINKED INHERITANCE IN TOMATOES 
E. W. LINDSTROM. 
From the Genetics Laboratorv, Iowa State College. 
Received for publication July 26, 1926. 
The tomato (Lycopersicum esculentum, Mill.), having the relatively 
large number of 24 chromosomes, has been investigated but slightly with 
respect to the hereditary nature of its chromosomal constitution. Prelimi-
nary experiments have established that both the independent and linked 
types of inheritance occur, but the genetical architecture of the germ plasm 
is not known in any detail. 
Only three linkage groups have been determined with any certainty. 
The first linkage group involves the well-known tall and dwarf plant char-
acters and the smooth and "peach" (pubescent) fruit characters. To this 
same group apparently belongs a third pair of genes, governing certain 
differences in fruit shape. Reports by Hedrick and Booth (1907) and Mac-
Arthur (1925) have indicated that genetic factors responsible for certain 
!:hapes of fruit are linked in inheritance with the tall-dwarf and smooth-
pubescent factors. This situation is to be treated in some detail in a sub-
sequent portion of the present report. 
To the second linkage group have been assigned the genes R and r, 
which control the dominant red and recessive yellow flesh ( endocarp) colors 
of the ripened fruit. This pair of genes has been found to be inherited 
independently of the Dd and Pp genes (Lindstrom 1925) . Certain her-
editary factors for size of fruit also appear to belong to this group (Lind-
strom 1926). 
In the third linkage group are the genes Yy which determine the 
dominant yellow and recessive colorless conditions of the fruit epidermis. 
These have proven to be inherited independently of the Dd and Pp genes, 
as well as of the Rr genes. Factors for size of fruit have also been estab-
lished in this third linkage group (Lindsttom 1926). 
Other linkages have been suggested, but are not thoroly established. 
One involves green and yellow foliage color and number of locules. Some 
F 2 data of Price and Drinkard (1908) based only on 24 plants indicate an 
association of these characters. The situation needs verification. Another 
case is that reported by Crane (1915) in which general fruit shape (not 
pyrifor,m) is linked with certain types of inflorescence. Here also the 
problem is open for further work. 
It is the object of this report to present experimental data on the link-
age relations within the first group only. These relations will be concerned 
both with the qualitative genes and the quantitative factors that govern 
.the size and shape of the tomato fruit. 
LINKAGE OF THE DWARF AND PEACH GENES 
Dwarfishness in the tomato is controlled by a single gene ( d) and is re-
cessive to the standard or tall habit of growth (D). There is as yet no ex-
perimental evidence to show that all dwarf varieties of the tomato are gen-
etically identical. Among other species of plants, dwarfs that are differ-
1 Paper No. H from the Department of Genetics. Ic,wa State College. 
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ent genetically are fairly common. Perhaps the same will be found to be 
true in the tomato. The writer has tested only two dwarf varieties in this 
connection. Crosses of Dwarf Stone and Dwarf Giant, commercial varieties 
that resemble each other phenotypically, have invariably given F 1 hybrid 
progenies that were all dwarfs, indicating genetic similarity. 
The "peach" or pubescent type of fruit, characteristic of certain com-
mercial varieties known as peach tomatoes, acts genetically as a single re-
cessive to the familiar smooth sorts of fruit. While the difference between 
these two kinds of fruits is primarily one of degree of pubescence, and 
while there is some variation in this respect, especially in hybrid types, 
there is relatively little difficulty in classifying the fruits into two groups 
whose hereditary performance can be predicted. If the fruits are observed 
both in the green and ripe stages, the classification into smooth and peach 
types becomes reasonably certain. 
Hitherto the evidence on the linkage relations of the Dd (tall-dwarf) 
l!nd the Pp (smooth-pubescent) factors has been incomplete, earlier inves-
tigations (Lindstrom (1925, MacArthur (1925) ) indicating complete 
linkage between these two pairs of genes in the F 2 generations of crosses of 
dwarf smooth by tall peach varieties. Only the following three combinations 
of these hereditary factors occurred: DP-tall vine, smooth fruit; Dp-tall 
vine, pubescent fruit; and dP-dwarf vine, smooth fruit. The fourth combina-
tion, dp (dwarf vine, pubescent fruit) has never been reported in F 2 gen-
erations, nor is this type of tomato known commercially. It was finally 
discovered in an F 3 generation of the writer's pedigree cultures in 1924. 
Since then several selections of the genotype dd pp have been developed, 
and have been used to test the linkage relations of the first group of linked 
genes by means of backcrosses. 
Before proceeding with the backcross method, it will be well to pre-
sent the complete F 2 data of the crosses involving the Dd and Pp pairs of 
genes. The experimental results of F 2 generations from two varietal crosses 
are arranged in table I. 
Only three sorts of fruit emerge in these F 2 generations of table I, giv-
ing a total of 180 DP (tall smooth) : 77 Dp (tall peach) : 79 dP (dwarf 
!imooth). This distribution resembles somewhat a 2 :1 :1 ratio, indicative 
of a complete linkage or of a triple allelomorphic situation. Such results 
do not give a critical answer to the exact genetic interrelations of these 
genes, the difficulty lying, presumably, in the relative fewness of the plants 
in the test. 
The discovery of the fourth combination, dp (dwarf-pubescent), in an 
F 3 generation (arising either 
as a mutation, or what is more 
probable, as a segregate from 
a recessive, F 2 crossover ga-
mete in the combination, 
(Dp . dp) paved the way for 
a definite analysis of the situ-
ation. Several F 1 plants 
(Dp . dP) from the dwarf 
Giant-Yellow Peach cross 
were fertilized reciprocally 
with the new, double-recessive 
TABLE t. F1 AND BACKCROSS DATA FROM 
THE CROSS DD pp x dd PP SHOWING LINKAGE 
RELATIONS 
Crosses IDP I D.i> I dP ldpl~~:: 
. pct. 
Fs generations of I I I I I Dwarf Glnnt x Yellow Pench 111 54 52 0 
Dwarf Stone x Yellow Peach 69 J 23 27 0 
'l'otal 1180 I 77 I 19 I o I 
Backcrosses of 
1
. I I I I Fi (DG x YP) x :>P dd 2 60 65 2 3.i 
Fi (DG x YP) x pp DD and 
then progeny tested 4 44171 0 3.4 
Total I 6 1104 1126 I 2 I U 
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type, dd pp. The results obtained in the progenies from such backcrosses 
are summarized in table I. 
These critical backcross progenies reveal the fact that there is an ex-
tremely close but not complete linkage between the D and P genes. All 
iour classes or combinations appear, but the non-parental or crossover types 
(DP and dp) are exceedingly rare. Thus from a total of 119 individual 
plants in the backcross, only two DP plants and two dp plants1 were ob-
served. This total of four non-parental types gives 3.4 percent of crossing 
over between D and P. 
This explains why the double-recessive combination had not appeared 
in the F 2 progenies under ordinary experimental conditions. With such 
infrequent crossing over, one would have to grow nearly 4,000 F 2 plants 
to obtain a single double recessive combination, theoretically. To be :rea-
sonably certain of obtaining one such plant, at least 10,000 F 2 plants would 
be required. 
Before the advent of the double-recessive type it was decided to test 
the DP situation in another manner. The F 1 plants (Dp . dP) of the orig-
inal cross were pollinated with the Yellow Peach (DD pp) variety, no 
peach variety that was dwarf being then available. This cross is essen-
tially a back-cross involving the two pairs of genes in question, but necessi-
tates growing the seedling progenies from the backcross plants for a test 
of their DD or Dd genotypes. If Dd and Pp are linked, the ratio of the 
resulting progenies should give a measure of the intensity of the linkage. 
The backcross genotypes and their genetic behavior in the seedling progenies 
would be as follows : 
Yellow 
Peach Backcross Backcross Progeny 
F 1 gametes gametes genotypes fruits behavior 
Dp-parental Dp DD pp Peach Homozygous tall 
dP-parental Dp Dd Pp Smooth Heterozygous 
DP-crossover Dp DD Pp Smooth Homozygous tall 
dp-crossover Dp Dd pp Peach Heterozygous 
By ·growing the seedling progenies, the ratio of the four backcross 
genotypes could be ascertained. The data for these also appear in table I. 
As in the preceding backcross the parental combinations (in this case 
Dp. Dp and dP. Dp) are in the great majority. Only four recombina-
tions or crossover classes occurred in a total of 119 types. This gives 3.4 
percent crossing over between D and P, a determination that happens to be 
identical with the one' obtained in the more dii:ect manner. Accordingly 
it is apparent that the D and P factors are not completely linked in inherit-
ance, but show a small degree of crossing over. · · 
LINKAGE OF THE PEACH AND SHAPE CHARACTERS 
Belonging to the first linkage group is a third pair of genetic factors 
involved in determining the shape of the tomato fruit. Ordinarily genetic 
factors affecting shape are relatively complex in nature, and are not subject 
• One of these crossover plants was pt>culiar In that It apparently had the tall or stand-
ard habit of growth but It was distinctly rugose and dark green lik.e a typical 
dwarf. However Its progeny bred true for the dwarf habit. 
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to a simple analysis on the basis of a single pair of genes. In the tomato, 
however, there is appanmtly an exception to this general rule, similar per-
haps to the case in the squash in which Sinnott (1922) d~onstrated that 
tlie round and disk-shaped types of fruit differ genetically by only one 
major pair of genes. Warren (1924) recently reported cases in the tomato 
in which general fruit shape is due primarily to two pairs of complementary 
genes. 
The occurrence of a linkage that involved a shape factor and a mem-
ber of the first linkage group was indicated by some early work of Hedrick 
and Booth (1907). Jones (1917) pointed out that their data suggested 
a linkage between the Dd genes and a pear shaped factor; and he calcu-
lated that there was approximately 20 percent crossing over between them. 
MacArthur (1925) verified this linkage and also presented some F 2 data 
showing linkage between this same shape factor and the peach gene. He 
interpreted his data as showing 17 percent crossing over between D and the 
pear shape factor {pr), and 16 percent between P and Pr. 
While no one has as yet proven that the pear shape of tomato fruits is 
dependent upon a single recessive gene, there is good circl\lllstantial evi-
dence to this effect, arising entirely from F 2 data. The present report af-
fords additional evidence of this relation, using quantitative means of de-
scribing the shape of the tomato fruits. 
Whereas the previous investigations of this case have dealt with the re-
lations of the pear shape as contrasted with the round or oblate types, the 
writer has found that the situation is more general, since the same relations 
hold with the ovate or plum shape. In other words, the shape factor con-
cerned in the experiments is not limited to the pyriform type with its 
constricted "neck" of the fruit. Undoubtedly there is a series of multiple 
allelomorphs concerned in these various shapes of the fruit. Accordingly 
it seems preferable to put the emphasis on the general shape of the fruit 
as measured by the ratio of the equatorial to the polar diameter (stem to 
blossom end). For this purpose the shape index of the tomato fruit has 
been devised. This is given by the following ratio: 
. equatorial diameter 
Shape index= · · · · · · 
polar diameter 
A round tomato has an index of 1.00; an oblate "Or flat type, approximately 
l .20 or more; and a plum shaped fruit, 0.75. 
The varietal cross which first gave evidence of a linkage between P and 
a shape factor was the Red Peach by Yellow Plum. By means of caliper 
readings to the nearest millimeter, five to eight fruits from each plant were 
measured for their polar and equatorial (taken half way between the stem 
and blossom end) diameters. The Red Peach variety gave a mean shape in-
dex of 1.14, whereas the Yellow Plum value was 0.76. The F 1 fruits were 
practically round, the index being 0.98. There was a slight tendency for 
these fruits to be wedge-shaped, being somewhat broader at the stem end. 
An F 2 generation of 61 plants grown in the greenhouse under favor-
able conditions for such an experiment showed 48 smooth and 13 peach 
types. It was at once evident that the F 2 peach fruits were all round or 
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TABLE II. FREQUENCY DISTRIBU-
TION OF SHAPE INDEX OF TOMA-
TO FRUITS SHOWING LINKAGE 
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oblate, none were ovate or plum shaped. 
The shape indices for this F 2 generation 
have been listed in table II. 
Measured quantitatively in this 
manner, it is apparent that there is a 
radical difference in shape between the 
sm-0oth and the pubescent F 2 fruits . 
There was a distinct tendency for the 
peach fruits to carry the same shape as 
their' ·grandparental type, the Red Peach 
variety. None were ovate; nor were 
there any round fruits among these 
peach types. With such a small num-
ber of plants involved, it does not seem 
desirable to attempt any calcultaion of 
the degree of linkage. Using the Pr pr 
genes as factors for the oblate-ovate 
shapes and using the class 0.86-0.90 as the dividing line, the frequency 
distribution in table II might be grouped as follows. 34 P Pr : 14 P pr 
:13 p Pr : 0 p pr. This w-0uld suggest a fairly close linkage between the 
two pairs of genes. 
Another cross of similar nature (Red Peach x Golden Fig) gave com-
parable results which also appear in table II. The Golden Fig variety in 
this case carries more of a pyriform shape than does the Yellow Plum, and 
this is reflected in the smaller indices of this F 2 generation. In fact, many 
of the F 2 fruits were distinctly pear shaped in this cross. There is the 
same evidence of linkage here, in that none of the F 2 peach sorts exhibit 
the ovate or pear shape, with the possible exception of one plant that had a 
shape index of 0.95. This might be interpreted as a crossover combination 
but there could be no certainty concerning such an interpretation. Group-
ing the fruits .as in the preceding cross, a distribution can be arranged as 
follows: 38 P Pr : 12 P pr : 10 p Pr : 0 p pr. Again there is clear evidence of 
a close linkage, but the numbers are too small to be useful in determining the 
degree of the linkage. I.t is doubtful if F 2 data in sueh eases will ever give 
an exam determination of the crosso,ver percentage. A backcross is needed, 
but first a good ovate, peach type of plant i~ required for the double reces-
sive condition. This will have to be searched for in F 2 generations of large 
numbers, or in F 3 progenies from peach-type, F 2 plants, since there are 
no cQmmercial varieties of this nature available. 
These two second genera·tion progenies afford additional evidence 
then that a third pair of genes resides on the first chromosome of the tomato. 
Were it not f6r the fact that MacArthur ( 1925), in a preliminary note, 
had symbolized this pair of shape genes by Pr pr (from pear), it would 
seem more appropriate to generalize them as oblate-ovate (Oo) genes, since 
they are apparently not restricted to the pyriform versus the round or flat 
shapes. Apparently these genes also have an influence on the locule num-
ber of the tomato fruit. All plum or pear shaped fruits in the F 2 genera-
tions, at least those having shape indices of 0.90 or less, were inclined to 
be two loculed; whereas many of the round or peach types had a high pro-
portion of three-loculed fruits, similar to their grandparental type, the 
Red Peach. 
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RELATIONS BETWEEN THE Pp GENES AND FRUIT SIZE (WEIGHT) 
Having noted that one chromosome pair in the tomato carries three 
pairs of linked genes, it becomes highly interesting to determine if any 
general size factors reside thereon. In a previous publication (1926) the 
writer demonstrated beyond reasonable doubt that genetic linkage exists 
betwe.en certain fruit size factors and the Rr flesh color genes of the second 
linkage group, as well as the Y y skin color genes of the third group. In 
other words, the second and third chromosomes of the tomato carry gen-
eral size factors as well as color factors. 
A large number of varietal crosses involving the first chromosome genes 
and different sizes Of fruit have been investigated. The technique of 'this· 
work was described in an earlier paper (Lindstrom (1926) ) . The general 
idea in this experiment was to cross pure varieties in combinations as fol-
lows: 
1. Large peach x small smooth 
2. Large smooth x small peach 
Given such combinations, it is possible to determine whether there is 
any genetic association between size and the Pp factors in hybrid genera-
tions. If none exists, the average fruit size in F 2 for example; should be 
identical for the smooth or the pubescent fruits. 
The general results with the smooth-peach characters are somewhat 
conflicting, a situation that was not encountered in similar experiments 
with the Rr and Y y color genes. In table III are five sets of varietal crosses 
in which the larger variety contributed the smooth (non-peach) type of 
fruit. Average weights of fruit of the F 2 and backcross generations are 
given for a sufficient number of plants to carry some significance. In three 
of the sets (Bonny Best x Yellow Peach, Dwarf Giant x Yellow Peach, 
Dwarf Stone x Yellow Peach) there is a consistent and really astonishing 
TABLE III. FIVE CROSSES OF PP x pp IN WJilCH THE SMOOTH PAMNT CON-





F> ·genera tion 
Backcross 
Fix Yellow Peach 
Duplicated 
Dwarf Giant" · 
Yellow Peach 
F.1 genera tion ... 
F> generation · 
F: duplicated 
Backcross 




F: genera tion 





F: genera tion 
l . Grown I P I .. P I Ditrerence l No. Smooth fruit :Pea.ch fruit a.nd prob- · Plants . Weight in Weight in able ertor grams grams · P I p 
1' ield 1924 231,6' 
. Field .1924 . 51.0 
F'.ield ·1924 97 .6 . 
Field 192• 
' 
'88.9 ± 1.3 94.6 ± 2 .• 
Field 1924 . . ·68.4 ± 1.1 73.3 ± 1.1 
. 1 Greenhouse 1925 .. 34 .9 ± 0.7 41.4 ± 0.8 
Field 1924 174 .8 I 
... Field '1924 
" 51.0 I 
. Field 1924 101.8 I 
Field 1924 82.5· ± 1'.9 99 . 2 ± 2 .3 
) · i;1re1mhouse 1925 39.3 ' ± 1.0 . 45.9 ± 1.6 Greenhoul!e 1925· · 34.7 ± 0 .6 46.9 ± 0.7 
( ~reenhou~e 19261 89.0 . l ! Greenhouse ·1926 49.9 · .' 54 .3 + l.' · Greenhouse 1926. I 46" 9 + O. 7 , 
I ~::~ m~ 1119 .1 ·!· ·55.6 . I Field 1925 · 74.5 + 1.3 . 7~.9 + 0 .5 · I Field 1924 1118 .1 I I Field 1924 62. O Field 1924 I 85.9 + 2.6 82.2 + 1.8 
1 10 I o 
-0 10 
I 20 o 
5.7±2.7 1108 I 40 
4.9 ± 1.6 190 ! 90 6 .5 ± l.l 78 42 
I 9 l 0 I 0- ·10 
110 t 0 16.7±3.o so · 40 
. 6.6 ± 1.9 . I 75 I u 
11.2 + o.9 I 111 ., 52 · 
· 1.6+1.4 
3.7 + 3.2 
I 5 I o 
I I I 10 "I o 
I 96 I 2l I 5 , . 0 (J ' 8 
1103 I 42 
110 I · o 
o I -I 31 9 
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increase in size (weight) of the peach type of plants in both the F 2 and 
backcross generations, altho the original peach parent in all cases contrib-
uted the smaller size (weight). This state of affairs was not found in two 
other crosses( John Baer x Yellow Peach and Golden Beauty x Red Peach). 
Here the smooth F 2 plants carried the larger fruits, altho in these crosses 
the differences in fruit weight are small and not significant from a mathe-
matical standpoint. Apparently there are differences in behavior traceable 
to certain varietal co,mbinations. 
In the three sets of crosses first mentioned there is no question as to 
the fact that the peach types emerge from the cross with a markedly greater 
size. This is true both in the F 2 and in the backcross progenies, since in 
each of the three crosses, the differences in size between the smooth and 
peach sorts are statistically significant. Why the peach types are thus larger 
is uncertain, but there are two general possibilities in explanation, one 
genetical, the other physiological. The results may be explained genetic-
ally by assuming that a linkage occurs between the peach factor and a size 
factor for larger fruit carried in the smaller Yellow Peach variety, and 
that the other parents of these crosses (Bonny Best, Dwarf Giant and 
Dwarf Stone) contributed the allelomorphic, linked factors for smooth 
fruit and smaller size. In the last two crosses in which the smooth type F 2 
plants bore the larger fruits, it may be assumed that the larger smooth, 
parental varieties in this case (John Baer and Golden Beauty) carried 
8ize factors on the first chromosome of greater influenee than those of the 
Yellow Peach variety. 
The physiological explanation for the increased size of the peach fruits 
may rest on the fact that the peach type of plants mature their fruit con-
siderably more slowly than the smooth-fruited type. Accordingly, the 
longer period of ripening may be a factor in producing larger fruits. This, 
of course, does not explain why the same situation does not hold for the 
John Baer x Yellow Peach, or the Golden Beauty x Red Peach crosses. For 
the time being, the real explanation must be withheld until the case is 
checked with other combinations of varietal crosses. 
In table IV are listed the results of crosses involving the same Pp 
genes, but with the peach parent contributing the larger size. There is 
beautiful consistency in all three crosses of this table in .that the peach type 
F 2 fruits are always significantly larger than the smooth F 2 fruits. In all 
-














TRJBUTED THE SMALLER SIZE OF FRUIT. 
GrQwn I ~ tph ·r ·11 p hp f It I Ditrerence I No. ~moo rm eao;: ru and prob- plants Weight In Weight In able error · 










10 . 5 ± 0:1 
14.9 ± 0.3 
13.0 
24.8 
21.2 + 0.4 
/ Field 1925 I 
I Field 1925 . 23.6 + 0.6 
34.4 I 
15.3 ± 0.3 . 
21.4 ± 0 .8 I . 
4.8 ± 0·.5 
6.5 ± 0.8 
35.0 I 
28.5 + .0 .8 . 7.3 + 0.7'. 
62.0 1 · 
39.i + 2.~ . 15.8 + 2.1 
I ~ 12 II 12 0 
1105 42 
.1 58 21 
I o I 5 
I 5 I o 
I 10 I 1l 
I 48. I 13 
I o j o I so :1 . 1~ 
1 The Fi seed of this cross was given to the author by Dr. C. E. Myers, Pennsylvanh1. 
State College. 
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TABLE V. THREE CROSSES OF DD x dd IN WHICH THE TALL PARENT CON-
TRIBUTED THE LARGER SIZE OF FRUIT. 
D d 
I I Difference I No. Tall Dwarf plants Grown and prob-Crosses Weight In Weight In able error DI d gTams grams 
Dwarf Giant Field 1924 174.8 I o I 9 
Yellow Peach Field 1924 51.0 
1 rn r 0 Fi generation Field 1924 101.8 0 
F, generation Field 1924 91.9 ± 6.9 76 .1 ± 2.1 15.8 ± 6.3 I 91 129 I 66 23 F2 duplicated Greenhouse 1925 40 .4 40.2 
1''1 x pp dd Greenhou>1e 1925 45.9 ± 0.7 34 . 6 ± 0.6 11.3 ± 0.9 I 62 57 
Dwarf Stone 89.0 l o I s Yellow Peach 
Greenhouse 1925 I Fi generation 49.9 
F2 generation 
I Greenhoues 1925 I 
Greenhouse 1925 I 48.7±0.7 47.l ± 1.2 1.6 ± 1.5 1 ·10 0 92 I 27 
Dwarf Giant I I Yellow Cherry 
F2 generation I Greenhouse 19251 13.7 ± 0.4 16.2 ± 0.6 2 .5 ±0.7 I 66 l 11 
three crosses the differences 'between the two sorts of F 2 fruits are statis-
tically significant. This, 0£ course, harmonizes with the genetic explanation 
on the basis 0£ linkage between the Pp genes and size £actors borne on the 
i;ame chromosome. However, in all of these crosses the larger peach va-
riety was also the later in maturity or time of ripening of the fruit. 
RELATION OF THE Dd GENES AND FRUIT SIZE (WEIGHT) 
Knowing that the Dd genes are in the same linkage group with the Pp 
genes just discussed, it becomes highly interesting to determine the rela-
tions between these tall-dwarf genes and size of fruit. Unfortunately, all 
commercial dwarf varieties of tomatoes are large fruited; at least the 
writer has not seen a small-fruited dwarf variety. Accordingly, the crosses 
to test the situation can only be made in one direction. In table V are 
listed three sets of crosses in which a large-fruited dwarf variety was 
crossed with a small-fruited standard or tall type. 
In two of the three crosses of table V there is a distinct tendency for 
the dwarf F 2 and backcross plants to bear relatively smaller fruits than the 
tall plants, despite the fact that the grandparental dwarf variety had much 
larger fruit than the tall variety. In these two crosses, however, the peach 
eharacter was also involved, and, because of the close linkage between the 
D and P genes, it is to be expected that the results will be affected by the 
:relation discovered between the Pp genes and size. 
Before commenting on the interpretation of the resul~ in these crosses, 
it is well to direct attention momentarily to the third cross (Dwarf Giant 
x Yellow Cherry), which does not 
involve the peach character. In this 
case there is a noticeable difference 
in size between the fruits 0£ the 
tall and the dwarf F 2 plants in fa-
vor of the latter. Although this 
difference is more than tbree time8 
its probable error the .number of 
plants is really too smaU to prr:ve 
anything, but nevertheless there is 
some indication of a genetic link-
age between size and the Dd genes, 
in which the large dwarf variety 
TABLE VI. SHOWING FRUIT WEIGHT 
IN RELATION TO VARIOUS COMBINA· 
TIONS OF THE PpDd GENES. 
Crosses !Fruit wt. in grams 
DP I Dp I dP I dp 
Dwa.rf Gla.nt x Yellow I \ Peach · 
F2 generation . 86. 2 99. 2 76 .1 
Duplicate in Gr'house 38.9 46.9 40.2 
Ba.ckcross o! Fi x PP dd I \ 
selection 41.51 46.1 34.51 40.0 
Dwarf Stone x Yellow I I I I Peach 
Fz generation I 46.8151.3147.11 
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TABLE VII. SHOWING CORRELA-
·TION BETWEEN SHAPE OF FRUrr 
AND SIZE (WEIGHT) IN THE CROSS 
may be considered as containing a first 
chromosome that carries both the d gene 
and a size factor for large fruit. RED PEACH X YELLOW PLUM. 
Shape 
index 
.66- . 70 
.71- .75 
. 76- . 80 
. 81- .85 






p 1 P Because of the very close linkage of 
\ 
Mean 1 ! Mean the D and P genes and particularly be-
No. ::;;:~t I No. I :::;:~t cause of the peculiar relations of the Pp 
I grams 1 I grams genes with respect to size of fruit (tables 
~ U 1 III and IV), it is really essential that the 
~ i~ interrelations of both these genes and 
1 21 size of fruit· be considered. In table VI, 
1~ ~g the F 2 and backcross progenies of t'vo 
~ ~~ ~ ~~ varietal crosses have been arranged so as 
2 28 I 6 28 to show the influence of the various com-
_M_e_an_---'---'--2-1-·2-'-I ---'--28-· 2 binations of the Dd Pp genes on the size 
of fruit. This table gives a good picture 
of the influence of the p gene for larger size and the corresponding relation 
of the d gene for smaller size. It suggests that the explanation behind this 
ph,enomenon may very well be the existence of a size factor for larger.fruit 
situated rather closely to the p gene in the Yellow Peach variety. It will 
be interesting to learn the experiences of other investigators who have used 
this variety in their crosses. 
Having noted that the peach gene ( p) is closely associated with a 
shape gene (pr), and also size (weight) of fruit, the relation between the 
shape of the fruit and its size becomes of some interest. The F 2 data of 
the cross of the Red Peach (medium size) by the Yellow Plum (small) 
varieties afford some definite results. These are arranged in table VII. In 
such a cross as this there is excellent correlation between shape and weight, 
the ovate types showing the smaller weight and the round or oblate fruits 
being relatively heavier. The actual correlation between shape index and 
weight in this cross is r = .71± .04, a very high value. For the Red Peach-
Golden Fig cross, the correlation of the same variables gives a coefficient of 
.66 ± .05. Presumably these · high correlations are due somewhat to the 
linkage between the Pp, Pr pr and size genes noted above, although some 
of the correlation is obviously . inherent in the physical relation of shape. 
and weight. . · · ·· · 
Experiments having proven that the d . and p genes are linked, as well 
a.s the p and pr genes, it is of course evident that the d and pr factors must 
also show linked inheritance. This fact '\Vias indicated in the earlier work 
of Hedrick and Booth (1907) and later by MacArthur (1925). Data from 
an F 2 generation of the former investigators show 20 percent crossing over 
between the d and pr genes, whereas. the F 2 determinations of the latter 
investigator give 17 percent. Inasmuch as the effects of the pr genes are 
not so easily differentiated from those of its dominant allclomorph, be-
cause of the semi-quantitative nature of these genes, calculations from F 2 
data are apt to be inaccurate. The backcross test is the surest means of 
obtaining accurate results, but, since there are no ovate, dwarf varieties 
obtainable, this is not easily done. The writer has resorted to crossing the 
Yellow Plum variety (tall) on the F 1 plants of dwarf oblate x tall ovate 
types. This nece&'Sitates growing the seedling progenies from the back-
crossed plants. The results of this test must be reserved for a future 
.rnport. 
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For a real test of the first chromosome linkage group a triple recessive 
type is needed. This will be a dwarf, peach, ovate sort (dd pp pr pr). The 
writer has made crosses to obtain this type, but it will require large num-
bers and several years of time . . 
As a result of these experiments with the first linkage group of the 
tomato, one cannot help but receive the impression that this first chromo-
some is not only an important one in the heredity of this species, but also 
that th.ere is, relatively speaking, little crossing over taking place. Evi-
dence for the latter deduction arises particularly from the close linkage of 
the D and P genes and also from the apparently close association of the 
D and P genes with general fruit size. 
SUMMARY 
In the first linkage group of tomato the genes Dd (tall-dwarf) were 
found to. be very closely linked with the genes Pp (smooth-peach or pubes-
cent). Th.e 'discovery of a double recessive dd pp type of fruit, hitherto un-
known, provided the means for a backcross test. This resulted in proving 
that these genes are not completely linked, but that there is approximately 
3.4 percent crossing over between them. 
Belonging to this same linkage group by virtue of linkage with the Pp 
genes, is a third pair of genes that affect the shape of the tomato fruit. Cir-
cumstantial evidence indicates that the ovate or pear shape acts as a simple 
recessive to the round or oblate type of fruit. By means of a shape index 
(ratio of equatorial to polar diameter) it is shown that a fairly close link-
age occurs in F 2 generations between these shape factors and the Pp genes. 
With respect to the occurrence of general fruit-size factors on the first 
chromosome of the tomato, some unusual relations were discovered. In 
several crosses involving the Pp genes and various sizes of frulits, it was 
found that the peach or pubescent (p) F 2 a,nd hackcross fruits averaged ten 
percent greater size than the smooth (P) types, despite the fact that the 
original smooth-fruited grandparent had much the larger fruit. In other 
crosses the reverse situation held, but not to such a significant degree. In 
cases where the grandparental variety was of the peach sort and of greater 
size than the smooth, grandparental variety, the peach type F 2 fruits were 
always consistently larger than the smooth sorts. The size differences were 
highly significant from the statistical viewpoint. 
In general, the same relations obtained when the Dd genes were tested 
against size. Because of the close linkage between the D and P genes, this 
interrelatio1'1 of qualitative and quantitative (size) factors is extremely sug-
gestive of a genetic rather than a physiological agency operating to link 
size with fruit and plant characters. The results may be explained genetic-
ally on the basis that the Yellow Peach variety carries on its first chromo-
some a factor for relatively large size in addition to the other known 
genes, p, Pr and D. 
These investigations present further evidence in verification of the 
theory that size characters are transmitted essentially by the same mechan-
ism of heredity which controls the inheritance of the simpler color char-
~ct~rs, 
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WITH the accumulation of considerable evidence that the filamentous 
fungi play an important role in soil fertility, particularly in the decom-
position of organic matter in the soil, there has come an increased interest 
in taxonomic studies of these organisms. Previous studies of soil fungi have 
been confined largely to a study of the physiological functions of these 
microorganisms, with much less attention being devoted to the species 
which make up the soil flora. The present work was undertaken for the 
purpose of supplying information which will be an aid in identifying the 
fungi occurring commonly in the soil. While it was impossible to identify 
every organism isolated, detailed studies were made of those forms which 
occurred regularly in the soils examined. 
REVIEW OF LITERATURE 
The first study of soil fungi was made by Adametz ( 1886) , who re-
ported the isolation of Penwillimn glaucum, Aspergillus niger, Mucor 
mucedo, M. racemosus, Monilia candida, Oidium lactis, and several uniden-
tified yeasts, in addition to a number of bacteria, from a sandy soil and a 
loam soil. Following this work nothing of taxonomic importance concern-
ing soil fungi appeared until 1902, when Oudemans and Koning (1902) re-
ported the isolation of 45 species from the soil, thereby giving the first 
definite information as to the organisms which constitute the fungous flora 
of soils. 
Later Jensen (1912) worked with cultivated soils in New York, from 
which he isolated 35 species belonging to several of the comm-0n genera. 
He also assembled the descriptions of fungi which had been reported pre-
viously from the soil. Dale (1912), (1914) studied five soils, from which 
she isolated more than 40 species . . 
The most extensive study of the soil fungus flora yet attempted was 
made in 1916 by Waksman (1916), who concluded from his studies of soils 
from Oregon, California .and New Jersey that Aspergillus, Mucor, Peni-
cillittm and Trichoderma are the most common soil genera. In a later 
study (1917) he found the same genera predominating in soils which he 
obtained from Alaska, Canada, Hawaii and Porto Rico, as well as from 
various points of the United States. Other studies of soil fungi include 
those of Werkenthin (1916) in Texas, Pratt (1918) in Idaho, Taylor 
(1917) and Rathbun (1918) in Rhode Island, Takahashi (1919) in Japan, 
and the writer (1923) in Iowa. 
It is interesting to note that in all of these studies, which included 
soils from many different points in this country as well as from those 
abroad, many of the same species were found in nearly every instance. 
• Part I of a thesis submitted to the Graduate Faculty of the Iowa State College In par-
tial fulfillment of the requirements for the degree Doctor of Philosophy. 
•• The author takes pleasure In acknowledging his Indebtedness to Dr. P. E. Brown for 
suggestion In outlining the problem, to Dr. J. C. Gilman !or help In Identifying the 
species and for much valuable a dvice and assistance given throughout the course ot 
the work, and to Dr. R. E . Buchanan for suggestions regarding the manuscript. 
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Members of the two genera, Penici1lium and Aspergillus, were generally 
found to be predominant, while such forms as T?·ichoderma koningi, Clad-0-
sporium herbarurn and various Mucors occurred with considerable regu-
larity. These results support the idea that there is a constant and more or 
less definite fungous flora of soils, and tend to disprove the older conception 
of soil fungi as accidental and transitory soil inhabitants. 
A complete list of the fungi which have been isolated from the soil will 
be found in the appei1dix. 
EXPERIMENTAL 
METHODS 
Fungi for identification were isolated from soils of 11 plots on the 
Agronomy Farm of the Iowa Agricultural Experiment Station. The soils 
are well adapted for a study of this nature, since they have been under a 
definite system of cropping and fertilizer treatment for ten years. Four 
plots represent a livestock system of farming, four a grain system, and 
three are checks. The fact that six of the plots are on the Carrington loam 
soil type and five on the Clarion loam, both important types, should make 
them representative of similar soil conditions thruout the state of Iowa. 
















Manure, lime, rock phosphate 
Manure, lime, acid phosphate 
Check 
Crop residues 
Crop residues, lime 
Crop residues, lime, rock phosphate 
Crop residues, lime, acid phosphae 
Check 
Soil samples for examination were taken monthly, except during the 
summer, over a period of two years. Dilutions were made and plates 
poured according to the recommendations of Waksman ( 1922), using 
Waksman and Fred 's (1922) synthetic acid agar. The plates were incu-
bated at 25° C. for seven days and transfers of the organisms developing 
were made to agar slants. It was often necessary to purify cultures ob-
tained in this manner. 
CULTURE MEDIA 
Czapek 's synthetic agar was used as a standard medium for the study 
of the general habit and appearance of the colony, as well as for detailed 
morphological characteristics, such as measurements of the various ele-
ments of the conidial fructifications. Unless otherwise stated, all .measure-
ments reported in the descriptions of species were made from 10 to 12 day 
old cultures grown on this medium. 
Bean agar containing one percent dextrose was used in studying colony 
characters and also for carrying stoc~ cultures. For all ordinary identifi-
cation work these two media were sufficient. When following Thom's key 
(1910) to the Penicillia, 15 percent gelatin in water was used for separating 
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certain members of the group. Gelatin was not particularly helpful in 
studying other groups. Cooked rice, sterilized milk, and Dox solution were 
also employed, but they cannot be recommended for ordinary identification 
work. They may sometimes be used as aids in separating closely related 
forms. 
DIFFICULTIES IN THE IDENTIFICATION OF SOIL FUNGI 
It is not always possible to identify with certainty all of the fungi 
which are isolated from the soil. In many instances the published descrip-
tions do not contain sufficient information to enable one to identify the 
fungus with reasonable accuracy. The older descriptions are in most cases 
based upon the characteristics of the organism as it occurs in nature, while 
the soil mycologist must work with cultures on artificial media. It may 
readily be expected that fungi which are native to the soil will show certain 
morphological and physiological differences from those isolated from other 
sources, even though they are representatives of the same species. 
In identifying soil fungi, therefore, it is necessary to place a liberal 
interpretation upon what constitutes a species. Slight varations from the 
limits of measurement and other morphological characters reported in pub-
lished descriptions should not be considered as justification for the erection 
of new species. If the limits of a species are too closely defined, it will be 
necessary to create many new species in order to classify all of the fungi 
isolated from the soil. 'fhis, of course, should be avoided whenever possible. 
THE VALUE OF PHYSIOLOGICAL CHARACTERS IN lDENTIFICATION 
While morphology is recognized as the primary basis for species dif-
ferentiation among the fungi, a few attempts have been made to differen-
tiate the fungi on the basis of their physiology. Blochwitz (1913) found 
that species ofAspergillus could be separated into groups according to their 
production of oxalic acid and pigment, their growth in media of different 
reactions, and their reaction to light, moisture and temperature. He did 
not make specific distinctions, however, without the aid of morphological 
eharacters. Woeltje (1918), on the other hand, who worked with 18 species 
of Penicilliurn, considered that the physiological properties of these fungi 
were of greater importance than their morphology. In his opinion it is 
impossible to make a complete differentiation of a series of species on the 
basis of morphology alone. 
In the course of the present study, the physiological reactions of a 
number of soil fungi were observed with a view to determining their taxono-
mic value. A brief discussion follows: 
1. Pigment production. Variations in the pigments produced by 
fungi in the substratum are often confusing. The changes which occur, 
however, generally follow changes in the reaction or composition of the 
medium. As pointed out by Thom and Church (1926) color production is 
a useful accessory character, but too much importance should not be placed 
on it in separating species. It is inadvisable to separate fungi which are 
morphologically alike because they may produce different colors in the 
medium. 
2. Gelatin liquefaction. As mentioned above, gelatin liquefaction 
was helpful in separating certain of the Penicillia, but it was not of par-
ticular value in studying the other groups of fungi. 
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3. Slime production. Although the production of slime or mucous by 
fungi is used as a means of separating several genera, the conditions which 
influence its production have been studied very little. Four soil genera are 
distinguished on this basis, Acrostalagmus from Verticillium, and Peni-
cillium from Gliocladi1tm. While the writer made no special study of slime 
production, it was observed that this property was governed to some extent 
by the age of the culture. Cultures which were identified as Verticillium 
when young were later placed as Acrostalagmus as the conidial heads be-
came enclosed in slime. It is possible that the moisture content of the 
medium, the humidity of the atmosphere, and the incubation temperature, 
as well as the age of the culture, are factors which influence slime pro-
duction. 
4. Utilization of various carbohydrates as sole sources of cMbon. The 
selective fermentation of various carbohydrates, particularly the sugars, 
has come to be one of the most important means of differentiating the bac-
teria into species. Such reactions, in fact, are practically the sole means 
of separating certain groups, the members of which are indistinguishable 
on morphological characters. Although the fungi are more complex morph0-
logically than the bacteria, it was thought not improbable that certain organ-
isms or groups of organisms might be specific for certain carbohydrates. In 
order to determine whether the ability of an organism to attack carbo-
hydrates can be employed to separate it from closely allied forms, the 
species under observation were grown on Dox synthetic solution, Thom 
( 1910), with the following compounds serving as sole sources of carbon : 
dextrose, levulose, galactose, lactose, maltose, mannitol, lactic acid, oxalic 
acid, citric acid, malic acid, benzoic acid, and tartaric acid. The results 
are presented in table I. 
From an examination of the data in this table it will be noted that, in 
general, the compounds which were readily available to one group of organ-
isms were as easily attacked by many other groups which may or may not 
be alike morphologically. Dextrose, levulose and maltose served as excel-
lent sources of carbon for most of the organisms tested; lactose, lactic acid, 
galactose, malic acid, tartaric acid and mannitol produced excellent growth 
with some species, while others failed to germinate, or grew poorly; benzoic 
acid in low concentration produced poor growth in a few cases, but, like 
oxalic acid, it was generally not attacked. Citric acid was utilized by 
Aspergillus niger, by A. terreus, and by one strain of Trichoderma Ugno-
r1,m. 
NOMENCLATURE 
Generic characters among most of the genera of the Fungi lmperfecti 
are not clearly defined, or perhaps it should be said that the individual 
fungi occurring in nature do not always fall within the boundary lines 
which have been established to delimit certain genera. While most of the 
genera occurring commonly in the soil have typical species which would not 
be confused with those of another group, there are many intermediate forms 
which overlap generic boundary lines and thereby tend to eliminate sharp 
distinctions between the groups. 
Such variations are illustrated by the genus Penicillium, which is de-
. fined by Lindau (1910) as including those species that fruit asexually, with 
conidiophorcs branched to form a penicillatc head, the conidiophores not 
TABLE I. GROWTH OF FUNGI ON DOX SOLUTION WITH VARIOUS SOURCES OF CARBON. 
Dex- I Levu- I Ga_ I Lactose I Maltose 'Mannitoll Lactic I Oxalic I Citric I Malic I Benzoic I Tartaric Organism trose lose lactose 1 pct. 1 pct. 1 pct. acid acid acid acid acid acid 
1 pct. 1 pct. 1 pct. 0 .1 pct. 0 .1 pct. 0. 5 pct. 0.5 pct. 0. 05 pct. o. 5 pct. 
Aspergillus niger 
··--···-··--··----·-··-···' 
xxx xxx I x I G I xxx I G I xx I 0 I :xxx I xx I 0 I xxx Aspergillus Wentii (soil) 
-··------··' 
xxx xxx I x I G I xxx I G I x I 0 I xx I xx I 0 I xx 
.., 
> Aspergillus Wentii (USDA)* ••. j xxx xxx I xx I 0 I XX."<. I G I xxx I G I xx I xxx I 0 I xxx >1 Aspergill1ts flavus (soil) 
----···--·· ' 
xxx xxx I xx I G I xxx I xxx I xxx I 0 I 0 I G I 0 I xx 0 z Aspergillus flavus (USDA) 
---····' 
xxx xxx I xxx I G I xxx I xxx I xxx I 0 I G I G I 0 I xxx 0 
A.spergillus terre1ts 
···--·-----··---·--·-··' 
xxx xxx I xx I xx I xxx I G xxx I G I xx I xxx I G I x is: .... A.spergilllts flavipes 
------····-·······--- ! xxx xxx I xxx I xxx I xxx I xx G I 0 I 0 I xxx I x I x 0 A..spergillus minutus 
--·-···----···--·-·--! xxx xxx I xxx I xxx I xxx I x 0 I 0 I 0 I 0 1 0 I 0 00 Aspergillus hU?nu.s 
····---·--------··-··-·' 
xxx xxx I G I 0 I 0 I 0 0 I 0 I 0 I 0 I 0 I 0 8 c:: 
Aspergillus glaucus ----·----·-·--·-·---··- I xxx XX.."t I xxx I xxx I xxx I x 0 I 0 I 0 I 0 I 0 I 0 0 .... 
Penicillium purpuroge1ium 
····-··' 
xxx xxx I xxx I G I xxx I G xxx I 0 I 0 I xxx I 0 I 0 ['j rn Penicillium roqueforti 
----·-····-···--·I xxx xxx I x I x I xxx I x :xxx I 0 I 0 I xxx I 0 I G 0 Penicillium lilacinum (soil) ..... 1 xxx xxx I xxx I x I xxx I xxx xxx I G I G I xx I x I 0 z 
Penicilli1tm lilacinum (USDA) · 1 xxx xxx I xxx I G I xxx I xxx 0 I 0 I 0 I G I G I 0 00 Penicillium pinophilum ............... xxx xxx I xxx I 0 I xxx I 0 xx I 0 I x I x I x I 0 0 .... 
Spicaria violacea --·-·--··-·-----··----··----·I xxx xxx I xxx I x I xxx I xxx 0 I 0 I 0 I 0 I x I 0 t" 
Trichoderma. koningi ------·--········-·I xxx x I xxx I G I x I x G I 0 I 0 I x I 0 I 0 ltj 
Trichoderma lignorum --·--····-·---· I xxx xxx I xxx I xxx I x I xxx x I 0 I G I lt I x I 0 c:: z Trichoderma lignorium No. 198 lj xxx xxx I xxx I xxx I x I xxx xxx I 0 I xx I xx I x I 0 0 
Trichoderma glaucu1n ·-------·--·----··-I xxx xxx I xxx I G I G I xxx G I 0 I x I G I 0 I 0 .... 
Typical growth, fruiting, xxx. Germination only, G. 
Falr growth, not fruiting, xx. No growth, 0. 
Poor growth, x. • Species designated as USDA were subcultures of cultures received 
from Dr. Thom. 
20 E. V. ABBOTT 
inflated at the apex, and the head not enclosed in slime. Species producing 
typical penieillate fruetifieations are recognized readily, but it is those 
forms which deviate from the type that present difficulties. Considerable 
uncertainty often arises in differentiating between Penicillum and Spicaria, 
a closely related genus, which is defined by Lindau (1910) as including 
species with the conidiophores branched, usually in whorls, but also alter-
nate or opposite, with the conidia borne in chains on terminal sterigmata, 
and not forming penicillate heads. This genus likewise is represented by 
typical species, yet in considering many of the fungi as they are found in 
nature, it is often difficult to draw a sharp line of distinction between 
Penicillium and Spicm·ia. This difficulty was experienced frequently in 
examining organisms isolated from the soil. 
In distinguishing between these two genera it will be found that the 
conidiiferous cells of Penicillium are grouped more nearly parallel in the · 
head than those of Spicaria, the latter arising at a considerably greater 
angle. The conidial head in Penicillimn, therefore, is generally quite com-
pact in comparison with the loose, straggling groups of chains in Spicaria. 
A further distinction is that there are seldom more than five or six conidial 
chains produced from a single conidiophore in S.picaria, while the heads of 
Penicillium are composed of many chains. It is not uncommon, however, 
to find in a culture of a typical Penicilliwm short stalks arising from aerial 
mycelium which bear but one or two conidial chains. 
The genus Gliocladium differs from Penicillium in having the penicillate 
head enclosed in a sheath of slime or mucous. In the cultures of the single 
species of the genus isolated in this study, the production of slime was 
marked, leaving no doubt as to the identity of the genus. 
Identification of members of the genus Aspergillits is a much simpler 
matter so far as determining the genus is concerned. In this genus are in-
cluded those species which continue to reproduce asexually with conidio-
phores inflated at the apex to form a vesicle, which bears conidia in chains 
on branched or unbranched sterigmata. The writer is not inclined to recog-
nize either the genus Sterigmatocystis, which was erected by Cramer to in-
clude forms having the sterigmata in two series, or the genus Citromyces 
Wehmer, the species of which have the power to produce citric acid. Physi-
ological properties are not sufficiently specific among the fungi to be used 
as generic characters, and it is doubtful if even species can be separated on 
such characters alone. Neither do members of the genus having double 
sterigmata show sufficient differences from those with single sterigmata to 
warrant placing them in a separate genus. Branching of sterigmata should 
be used to distinguish species rather than genera. 
No attempt has been made in this paper to identify members of the 
genus Aspergillus which produce perfect stages as species of Eurotium. 
Since the asexual stage is the one commonly observed, while the sexual 
fruiting structures are often transient in their appearance, it seemed de-
sirable to consider only the conidial type of fructification as being of pri-
mary importance. Sclerotia production is common in a number of soil 
species of this genus. The production of perithecia was observed only in 
Aspergillus glaucus. 
Another genus of considerable importance in the soil is Trichoderma. 
Difficulty is sometimes experienced in distinguishing members of this genus 
from those of Acrostalagmus. The conidiophores of Trichoderma are 
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branched alternately or oppositely, while those of a typical Acrostalagmus 
should be in whorls or verticils of the Verticillimn type. Some cultures of 
Trichoderma lignorum, which were isolated from the soil, often showed 
branching closely approaching the Acrostalagmus type, while the conidio-
phores of a culture of A. cinnabarinits obtained from another source failed 
to show the typical verticillate branching. 
The generic characters of Acrostalagnius are evidently not sharply de-
fined. Young cultures which show the verticillate branching might be 
classed as Verticillium before the heads become enclosed in slime, while if 
the typical whorls are absent, they might easily be placed as Trichodenna. 
DESCRIPTION OF SPECIES 
In addition to such standard myclogical references as Engler and 
Prantl (1900), Rabenhorst (1910) and Saccardo (1882), many sources of 
information were consulted in identifying the species of fungi isolated in 
this work. Thom's key (1910) is a valuable aid in determining species of 
Penicilliu.m. The key presented by Biourge (1923) in his recent mono-
graph of the genus Penicill?'wn is rather complex and difficult to follow. 
Biourge has attempted to revive the specific name Penicillium glaaicum, the 
desirability of which is very questionable. Thom (1910) has shown that 
this term has been applied loosely to a collection of green forms, and that 
there is no evidence to indicate what species Link had under observation 
when the name was first used. It seems advisable, therefore, that the term 
should be discarded. 
For the genus Aspergillus the classification presented by Thom and 
Church (1926) was found most satisfactory. The taxonomic literature re-
lating to the less common genera is limited and identification of species with 
any degree of certainty is difficult, based as it must be solely upon the 
meager cultural data available. The published descriptions in many cases 
not only fail to include the essential details of morphology, but information 
as to the culture medium, temperature, and incubation period is entirely 
lacking. 
Decision to create the new species described here \Vas reached only 
after comparison with authentic cultures, when available, and careful ex-
amination of the literature failed to reveal sufficient similarities with the 
organism concerned to justify placing it in any of the established species. 
That new species of fungi would be isolated from the soil is not to be un-
expected in view of the fact that few systematic studies of the fungous flora 
of agricultural soils have been made. 
ASPERGILLUS Micheli 
The genus Aspergillu.s comprises one of the most numerous groups of 
fungi found in the soil. The fact that species of this genus have been 
isolated by practically every investigator who has studied the soil fungous 
fiora indicates that they are widely distributed iii soils regardless of location 
or cropping history. They were found to be regularly present in all of the 
soils examined by the writer. The following species were isolated: 
1. Aspergillus minutus, sp. nov. (fig. 1). One of the very common . 
groups of organisms found in the soils studied is a series of forms which 
apparently belong to the Aspcrgillopsis group of Sopp (1912), and which 
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were described by him as a species of Penicillimn. They are closely related 
to such forms as Penici1lium hypo-janthinmn and P. roseo-cinnabari111um of 
Biourge (1923). Placing such forms in the genus Penicillimn does not seem 
to be justified, however, when certain characters which closely ally them 
with Aspergillus are considered. The apical ends of the conidiophores of 
these organisms enlarge to form a vesicle, which, though small, is neverthe-
less distinct. The sterigmata, which occur in two series, are likewise char-
acteristic of Aspergillus and do not resemble the conidiiferous cells of 
Penicilliuni. The writer is therefore inclined to consider descriptions plac-
ing such forms in the genus Penicillium as incorrect. 
Since no suitable name for the or-
ganism was found in the literature, the 
species name Aspergillus minutus was 
... applied. The following description is 
~ /.. -'-c - based on cultural examinations of a 
..,.. latge number of isolations and is made 
broad enough to include a group of 
closely related strains. 
Colonies on Czapek's agar white at 
first, becoming dark olive gray (U) • 
in seven to ten days with the appear-
0 1t ance of fruiting areas, turning dark gray 
f} c o to brown in two weeks, and becoming va-l 1; F> e rious shades of brown or almost black } f with age. Surface cottony. Reverse 
__/'(___ shades of yellow and orange, the color 
=::c...:::==::.~ ' often deepening to brown with age. 
J_ ,.),P" qodnidbiophohres sfepta!e,1 arisin1~ as short ~ s1 e ranc es o aeria myce mm, erect, 
Fig. 1. Asperglllus mlnutus, sp. nov. 30 to 60µ. in length by 3µ. in diameter; 
a, c, conidiophores with round, rarely attain height of 125µ.. Heads 
young h eads ; b, old~r. ca lyptriform usua.lly r·ound and rad1'ate i'n youn·g cul-head (x 25); d, fruiting structure, 
showing globose vesicles and double . tures, later tending toward calyptriform. 
sterigmata (x 250J; conidia (x 300J. Vesicles i;;mall, 8.0 to 18.0µ. in diameter, 
globose, smooth; sterigmata in two series, primary 4.8 to 6.5µ. by 3.5 to 
3.8µ., secondary 4.8 by 3.2,L. Conidia globose, verrucose, light brown in 
mass, 3.2 to 4.5µ. in diameter, mode 3.5µ.. Sclerotia or perithecia not ob-
served. 
Habitat: Soil. 
2. Aspergillus humiis, sp. nov. (fig. 2). Sopp 's (1912) Aspergilloides 
section of Penicillium includes a ·group of fungi in which the slightly in-
flated apex of the main conidiophore bears several secondary branches, 
which he termed sterigmata. These secondary branches also enlarge at the 
apex and bear conidial chains on sterigmata. Such species may correctly 
be considered as being closely related to both Aspergillus and Penicillium, 
and unless a separate genus is created for them, their proper taxonomic 
position presents a problem. . 
The writer does not agree with Sopp in his indusion of such organisms 
in the gerius Penicilli·um. ·This opinion is based on an examination of his . 
•Roman numerals refer to plate numbers In Ridgway's color chart (1912) . 
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drawings and descriptions, since cultures of his species were not available, 
and on a study of similar organisms which were isolated from the soil. 
The sterigmata of Sopp 's species, as shown by his drawings, are borne on 
the apex of the inflated conidiophore in a manner typical of many species 
of AspergiUus, while the penicillate type of fructification is lacking. As 
stated by Sopp, they bear some morphological resemblance to Citromyces 
and might possibly be so .classified if they have the power of producing 
citric acid. Sopp did not include data on citric acid production. The 
writer, however, prefers to include the Citromyces section in the genu§ 
Aspergillus, rather than in Penicilli-um. 
If all, or even a majority of the conidiophores in a culture of this group 
of organisms showed the type of prolific branching described, and shown in 
fig. 2a, it would probably be desirable to create a new genus for such forms, 
rather than to place them in a genus of which they are not typical, such as 
Aspergillus. In the cultures isolated from the soil by the writer, however, 
the branched conidiophores are not predominant, the most common type 
being the unbranched conidiophores which arise directly from the sub-
stratum and bear their conidia in chains on unbranched sterigmata (fig. 
2d). The sterigmata are usually somewhat scattered over the surface of 
the vesicle, which gives the head a loose, straggling appearance in contrast 
to the compact heads common to most species of Aspergillus. This strag-




Fig. 2. Asperglllus humus, sp. nov. a, 
conidiophore with fertile branche& aris-
ing apically, showing.'atragglfng type of 
head; c, con!diophore with sterile 
branches (xabout 150J; b, conidlopho.~e 
with lateral branch; d, unbranched 
conldlophor.e and single sterlgmata;. e , 
conidia (xabout 200). 
gling appearance is particularly 
characteristic of the heads borne on 
the many-branched conidiophores. 
Since the penicillate type of f ruc-
tification is lacking, while many of 
the characteristics of Aspergi1lus are 
present, it seems that fungi of this 
group belong either in the genus As-
pergillus or in a newly created genus. 
Revising the generic description of 
Aspergillus to include forms with 
branched conidiophores (and show-
ing the other generic characters) 
would permit the inclusion of this 
group without difficulty. The writer 
has chosen to place these fungi in 
Aspergilltls, provisionally at least, 
rather than to erect a new genus. 
Since tho members of this group 
which were isolated from the soil dif-
fered .in cultural details from Sopp 's 
species, his specific names were ·not . 
applicable, and the soil strains were · · 
classified as a new species of Asper- . 
gillus, A. hmnus. The cultur.al char" · 
acterizat~on is as follows: 
Colonies on Czapek's agar white 
at first, becoming calla green (V) or 
cedar green (VI) in five to seven . . 
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days, changing thru brownish olive shades with age (XXX), and finally 
becoming snuff brown (XXIX) in six to seven weeks. Reverse of colony 
various shades of greenish brown. Surface powdery, consisting of dark, 
multiseptate mycelium. Conidiophores arise directly from the substratum 
or as branches of mycelium close to the substratum, multiseptate, variable 
in length, 200 to 700µ.; pitted; three to ten or twelve secondary branches 
often arise apically from the main conidiophore, 35 to 125µ. in length, fer-
tile (fig. 2a) or sterile (fig. 2c). J.Jateral branching (fig. 2b) is also com-
nwn. Both branched and unbranched conidiophores are present in the 
same culture. Heads vary from loose aggregates of chains to fairly compact, 
calyptriform masses. Vesicles smooth, elongate, not sharply differentiated 
from the conidiophore, 18 to 30µ. by 12 to 20µ.. Sterigmata always in one 
series, oblong to lageniform, 8.0 to 15.0µ. long by 4.0 to 5.0µ. broad. Conidia 
ovoid to elliptical, smooth, 5.0 to 8.01i. by 4.0 to 6.5µ.. Sclerotia or . peri-
thecia not observed. Does not grow on gelatin. 
Habitat: Soil. 
3. Aspergillits fumigatus Fresenius. This species was isolated in 
larger numbers from the soil than any other single organism. 
4. Aspergillits nige1· van Tieghem. A. nige1· is widely distributed in 
!>oils, but it is generally found less commonly than A. fmnigatus. 
5. Aspergillns terreus Thom and Church. This species ranked sec-
ond to A. fumigafits in frequency of occurrence. 
6. Aspergillits W entii W ehmer. A series of fungi belonging to this 
species was isolated, at one end of which is a form that is never floccose, 
and at the other end one showing the deep floccosity of the type species. 
Several intermediate strains show varying degrees of floccosity. This char-
acteristic remained constant thru a long period of culturing. When young 
the floccose soil strains are indistinguishable from the type, but with age 
the type species becomes old gold (XVI) to medal bronze (IV) in color, 
while the soil strains remain a light honey yellow (XXX). 
7. Aspergillits flavipes Bainier. A. flavipes has not been reported 
previously from the soil, altho Thom and Church (1926) mention having 
received cultures of it from Waksman's soil studies. It is one of the less 
common soil Aspergilli. 
8. Aspergilllts flavttS Link. 
9. Aspergillus versicolor (Vuillemin) Tiraboschi. 
10. Aspergillus clevafils Desmasieres. 
11. Aspergillus gla·utus Link. 
12. Aspergillus koningi Otidemans. 
13. Aspergillus candidus Link. 
The last named species were isolated only infrequently, A. koningi but 
once. A. koningi is not listed by Thom and Church (1926) with their ac-
cepted species. The soil fungus was so classified, however, since it corre-
sponded more closely with the original description of. A. koningi (1902) 
than of aiiy other species. 
Four unidentified species of Aspergillits were isolated. 
PENIOILLIUM Link 
1. Penicillium expansum Link emended Thom. Waksman's state-
ment (1916) that Penicillium is one of the most common soil genera is 
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borne out by the present work. Together with Aspergi'.lltis and Tricho-
derma, it ranks as one of the most important soil groups. Species of the 
genus were found to be constantly present in all of the soils examined. 
The following species were isolated: 
1. Penicillttm expansu.m Link emended Thom. This is the most com-
mon soil Penicillium. It also ranks as one of the most common of all soil 
fungi. 
2. Penicillium fotettm Zukal. The frequent occurrence of this organ-
ism in soils and its ability to oxidize elemental sulfur to the sulfate form 
were reported ill a previous paper (1923). This is recogniZed as a group 
species which includes those Penicillia producing yellowish or reddish 
sclerotia. Both the red and yellow forms were isolated. Sopp (1912) be-
lieved that the species he described as P. sulfureum and P. sanguineum 
might also be classed as P. luteum. 
When carried in culture for long periods, the cultures isolated from 
the soil usually lost their characteristic property of producing yellow 
sclerotia, which is the distinguishing character when first isolated, and 
changed over to a pale green conidial stage. 
Further evidence of the ability of this fungus to oxidize sulfur, both 
in the soil and in solution cultures, is reported by Bollen ( 1925), who found 
the yellow forms of this species oaau.r.rjni in large numbers in sulfur-
trea tcd soils. e • • : : • • • •• : : : .. • : • : •• 
0 •• • • • • • • • • • • • • • : • 
3. Penicilliurn 1J:/ii1.i~p'ki~lm. !Iedgco~k. ' : • •• 
4. P enicill-UUm c'hryspgelll!'tn: Th.Q'm. : : "· 
. ./', . . . . . . . . . . . 
5. Penicil'i:idtfll roq'l(e7 orti" Tl1ooh" • • • • ·::." :. 
6. Penicflli1~:ni>: / lilqcirr-run., TJlGmt S~vjlr.at j~·oiations were made of 
an organism having 'tha'~gooeia.I..i@pe~alici1:tild 'characteristics of P. lilac-
ium 'rhom, but showing ce1:ta~:fi vh'riations from the type species, a culture 
of which was received from Dr. Thom. When grown on Czapek's agar, the 
conidiophores of the soil strain reach a height of 300 to 7001' as opposed 
to 100µ. for the type species. The surface of the soil culture has a powdery 
appearance with little indication Of the floccosity of the type. The two 
organisms showed no differences in their reaction to gelatin. 
7. Penicalium funicttlos.11,m Thom. 
8. PeniciUium purpurogenum Stoll. 
9. Penicillium commune Thom. 
10. Penicillimn MLgulosu1n Thom. 
11. Penicillimn duclauxi Delacroix. 
12. Penicillium italiwm Wehmer. 
The most common soil members 0£ this genus are P. expansum, P. 
chrysogenum, and P. pin0philum. 
GLIOOLADIUM Corda 
The production of a slime or mucous which surrounds the penicillate 
fruiting head is the only character which separates the genus Gliocladiiun 
from the genus Penici7.lium. One species of this genus, which was isolated 
frequently from the soils studied, was identified as Gliocladi'llhii penicilloides 
Corda. While positive identification as the original organism with which 
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Corda worked is impossible from the data given in his description, the soil 
strain was placed as such as an alternative to describing a new species. The 
cultural characterization is as follows: 
Colonies on Czapek's agar pure white, broadly spreading, sometimes 
fuscus, with pale flesh-colored fruiting areas appearing in the center of the 
colony in seven to ten days. The fruiting heads are embedded in a slime, 
which gives the colony a moist appearance, resembling bacterial contamina-
tion. Reverse of colony colorless. Conidiophores septate, arising as 
branches of aerial mycelium, 50 to 100µ. in height by 3µ. in diameter. Fruit-
ing heads typically penicillate, primary branches 15 to 25µ. long by 3.2µ. 
in diameter, secondary, 10 to 15 by 2.5µ., tertiary 10 to 14 by 1.5µ.. Conidia 
oblong or bacillate, smooth, colorless, 3.5 to 4.0µ. long by 2.0µ. broad. 
SPIOARIA Harting 
Altho the genus Spicaria is not one of the predominating soil groups, 
two species were isolated quite frequently. One of these was identified as 
S. simplicissirna Oud. and the other is described as a new species, S. vio-
la.cea. 
Spicaria violacca, sp. nov. (fig. 3). This fungus can be recognized 
readily by the beautiful lavender to violet color of the colony. The cultural 
characterization is as follows: 
Colonies on Czapek's aga1· v hiie"et:Srst; ecoming pale vinaceous lilac 
to vinaceous lavender (Xj.iIV ): fo. :fof}rteen . ~ ~· ,/a'Ifd .deepening to dark 
lavender to slate violet (XLJIV J with age. 0 Re"v~rse :~~l1rless. Surface cot-
tony or slightly fioccose, with ~road, pure wch-· e !11argins. Surface growth 
consists of a dense ~lJ'lft""ork of" i'.h;rer.d-lik~, : iii1e..tla.cing hyfqae. Conidio-
phores short, up to • lQ~· in· length, arising as l)rancliei:. ... c:r·~e1ial mycelium, 
sometimes having singl"e-lrl'itP.'OheR (fig. :Ja)·, 6r."{~o ~rabbh.l\s "occurring op-
positely, and bearing at the0 apex •me to 's'ix : ( ·at"elrmore) long chains of 
conidia on sterigmata. Sterigmata club shaped, 6.5µ. long by 2.0µ. broad. 




Fig. 3. · Splcarla vlolacea, sp. nov. a. 
fruiting structure showing branched 
conldiophore and loose heads (xabout 
200) ; t>, cQnldla, ( 400 J. · 
smooth, hyaline, 3.0 to 3.5ft long by 
2.0 to 2.5µ, in width. 
Habitat: Soil. 
TRIOHODERMA Persoon 
Members of this genus are wide-
ly distributed in soils. · Cultural 
studies were made on seven fungi be-
longing to the genus which were iso-
lated at various times. These organ-
isms constitute a series of intergrad-
ing forms, which show sufficient cul-
tural differences to be considered as 
separate species when observed indi- . 
vidually, but when the entire s~ries is 
studied in parallel culture, the appar-
ently sharp lines of difference disap-
pear and natural groupings become · 
evident. Four fairly well defined · 
groups are recognized, the floccose 
green forms being classified as T. ko11.- · 
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ingi and the tufted green strains, which 
are not floccose, as T. lignorum. Mem-
bers of a third group, which produce a 
1restricted, yellow or ·greenlish-yellow 
colony, are described in this paper as a 
new species, T. glaucum. A fourth group 
of white to gray forms, which were never 
definitely identified, . probably deserves 
separate specific rank. Comparative 
morphological and cultural characters of 
the soil cultures are given in table IL 
The following descriptions are based on 
cultures isolated from the soil: 
Fig. 4. Trlchoderma glaucum, sp. nov. 
a, b, c, showing conldlophores aris-
ing alternately, oppositely, or Irreg-
ularly (xabout 2501; d, swollen and 
distorted hyphae and conldlophores, 
which occur commonly In culture; (xabout 2501; e, conldla, (x300J. 
1. Triclwderma glaucum, sp. nov. 
(fig. 4). Colonies on Czapek's agar 
spreading; at first only a thin, sterile, 
mycelial film covers the surface of the 
medium. White aerial mycelium devel-
ops in five to seven days, followed in ten 
days by the appearance of the yellow 
fruiting areas, which change thru shades 
of chartreuse yellow to citron or lime 
green (XXXI). Vegetative mycelium 
hyaline, 3.0 to 6.0,u. thick, multiseptate, 
and freely branched ; cells are often 
short and swollen or barrel shaped (fig. 4d). Conidiophores arise as side 
branches, alternately, oppositely or irregularly branched (fig. 4a, b, c) ; 
up to 60,u. in height by 3.0,u. in width. Conidial heads 6.5,u. to 10.0,u. in diame-
ter. Conidia smooth, hyaline, ovoid, 3.8 to 5.0p. by 2.5 to 3.0p., mode 4.0 by 
3.0p.. 
TABLE II. COMPARATIVE CULTURAL DATA OF SPECIES OF 
TRIOHODERMA 
T. lignorum T. lignorum T. koningi T. glaucum Medium No. 198 
Czapek's Restr!C'ted, tufted; Restricted; tufted Floccose; glaucus Felty, spreading; 
agar gnaphalium green dark American green to asp ho- chartreuse ye!-
surface to slate olive green (deep de! green low to yellow 
green (olive greens) green or lime 
greens) green 
Conldio- Alternate or Whorled . Alternate or op• Alternate or op-phores opposite 70 x 3.0 u posite posite 
70 x 3.0 u 25 x 3.0 u 35 x 3.0 u 
Conidia Globose to ovoid Globose to ovoid Elliptical to ob- Globose to · ovoid 
2.8 to 3.2 u 2.8 to 3.2 u long 3.5 to 4.0 by 
3.2 to 4.8 by 2.8 to 3.2 u 
1.8 to 3.0 u 
Bean Agar Su btloccose, Subfloccose, tuft- Very floccose; Scant, transpar-
tufted yellow to ed leaf green color same as ent growth; not 
olive green on Czapek's fruiting 
Gelatin Rapid J!quefac_ Rapid J!quefac- Rapid liquefae- Rapid liquefaction 
tion; straw color tlon ·amber color tlon; no color. no · color 
Milk Poor growth; di- Poor growth; dl- Good growth; di- Poor growth; di-
gestlon complete; gestion less rapid gestlon less rapid gestlon complete; 
dark amber color than type: amber than Jlgnorum; dark amber color 
color light amber color 
Rice Typical growth Typical growth Typical growth Cottony, light 
green 
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Habitat: Soil. 
2. Trichoderrna koningi Oudemans. Colonies on Czapek 's agar spread-
ing, floccose, white at first, but becoming green in four to five days. Changes 
thru a series of greens ( XLI) in ten to fourteen days, and remains this 
color in old cultures. Reverse of colony colorless. Vegetative hyphae sep-
tate, hyaline. Conidiophores arise as branches of aerial mycelium, alternate 
or opposite, up to 25µ. in height by 3.0µ. in diameter, di- or trichotomously 
branched. Fruiting heads 6.5 to 10.01.1. in diameter; conidia oblong to ellip-
tical, 3.2 to 4.8µ. in length by 1.8 to 3.0µ. in width, smooth, hyaline. 
3. Trichoderma lignorum (Tode) Harz. Colonies on Czapek's agar 
consist of broadly spreading hyaline mycelium; fruiting areas appear as 
cottony tufts, white at first, becoming gnaphalium green (XLVII) in four 
to five days. Color does not change in old cultures. Reverse colorless. 
Conidiophores septate, arising as branches of aerial mycelium, up to 70µ. 
in height by 3.0µ. in diameter, di- or trichotomously branched, occasionally 
forming whorls. Conidia heads 6.5 to 10.0µ. in diameter. Conidia smooth, 
globose to ovoid, 2.8 to 3.2µ. in diameter. 
Habitat: Soil. 
:MISCELLANEOUS SPECIES 
Representatives of numerous other genera occur more or less commonly 
in the soil in addition to those which have been considered in some detail. 
Among the most important of these are Alternaria., Cladlosporium, Mucor 
and Rhizopi"8. Alternaria humicola, Cladosporimn herbarmn, Rhizopits 
nigricans, and va11ious species of Mucor are common in cultivated soils. 
Species of Cephalosporium, F'iisarium, Monilia, Verticilliiim and lsa.ria 
were isolated, but specific determination was not completed. 
The following species were isolated: Alternaria humicola Oudemans, 
Cladosporium herbar1tm Persoon, Acrostalagmus albus Preus, V erticillium 
terrestre (Link) Lindau, Chaetomella horrida Oudemans, Stachybotrys 
lobulata Berk., Mucor glomeriila Lendner, M. geophilits Oudemans, M. ra.ce-
mosus Fresenius, Rhizopus nigricans Ehrenberg, and Zygorrhynchus 
vuilleminii Namyslowski. 
A complete list of the fungi isolated in the present study is given in 
table III. 
SUMMARY 
Eleven soil plots under a definite system of cropping and fertilizer 
treatment were examined for their fungous flora, during the course of which 
study 44 species belonging to 14 genera were isolated and identified, in 
addition to unidentified species of four other genera. 
. Difficulties in the identification of soil fungi are discussed, among 
which are the lack of authentic cultures for comparison, and of adequate 
cultural descriptions. 
Detailed morphological and physiological studies of a number of soil 
fungi are reported, including . descriptions of four new species. These 
studies confirm the findings of previous investigators that there is a definite 
soil fungous flora, consisting principally of species of Penicillium, Asper-
gillus, Trichoderma, Cladosporium, Rhizopus and }Jucor, with representa-
tive$ pf other genera occurring with varying regularity. 
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TABLE III. LIST OF FUNGI ISOLATED FROM THE SOIL. 
1. Penicillium expansum Link em. Thom 
2 . pinophilum Hedgcock 
3. chrysogemim Thom 
4. luteum Zukal 
5. italicmn W ehmer 
6. roquef or ti Thom 
7. lilacinmn Thom 
8. piirpurogenwm Stoll 
9. funiwlosum Thom 
10. commii.ne Thom 
I 1. intricatmn Thom 
12. duclaiixi Delacroix 
13. rugulositm Thom 
14. Aspergillus fumigat11s Fres. 
15. " terreus Thom and Church 
16. niger van Tieghem 
17. flavus Link 
18. nidu-lans Eidam 
19. glaitcus Link 
20. clavat11s Desmasieres 
:ZI. Wentii Wehmer 
22. f lavipes Bainier 
23. v ersicolor (vuillemin) Tiraboschi 
24. candidus Link 
25. koningi, Oud. 
26. minutus, sp. nov. 
27. h111nus, sp. nov. 
28. Trichoderma koningi Oud. . 
29. " lignornm (Tode) Harz 
30. glaucum, sp. nov. 
31. Gliocladimn penicilloides Corda 
32. Spicaria simplicissima Oud. 
33. " violacea, sp. nov. 
34. Verticillium terrestre (Link) Lindau 
35. Acrostalagmus a/bits Preuss 
36. Alternaria hmnicola Oud. 
37. Cfodosporfom herbarum Pers. 
38. Stach3•botrys lobulata Berk. 
39. Chaetomella horrida Ond. 
40. Rhizopus nigrica11s Ehrenb. 
41. Mitcor glomeru.la Lend. 
42. " geophilits Oud. 
43. racemosus Fres. 
44. Zygorrhynclms vuillemillii Namys. 
45. Cephalosporiwm sp. 
46. Fusarium sp. 
47. Monilia sp. 
48. I saria sp. 
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APPENDIX 
The folloW:ing list of fungi which are reported in the literature as 
having been isolated from the soil is believed to be complete. Some of the 
species listed by Jensen (1912) as having been isolated from the soil by 
European workers have been omitted where it is definitely stated that they 
were isolated frwn objects in contact with the soil and not from the soil 
itself. Such organisms cannot properly be considered as true soil forms. 
It is possible, however, that some of those included may have come from 
similar sources, since much of the information in the literature is indefinite 
in this respect. The species reported by Sopp (1912) as having been iso-
lated from the soil were not included in the list, since it is difficult to tell 
from his data whether they were actually obtained from the soil or from , 
organic matter in contact with the soil. 
In preparing the list of fungi no attempt was made to eliminate syno-
nomy, which is probably responsible for some duplication. The names used 





I. Absidia orchidis (Vuill) Hagem 
2. glauca Hagem 
3. Lichtheimi Lendner 
4. caerula Bainier 
5. spitiosa Lendner 
6. cylindrospora Hagem 
7. Rhizopus nigricans Ehrenb. 
8. 
9. 
" arrhizits Fischer 
nodosus Namys 
IO. Mucor hiemalis Wehmer 
II. microsporus Namys 
12. circinelloides van Tiegh 
Literature reference 
Hagem (1907); Waksman (1917); Dale 
( 1914). 
Hagem (1907); Lendner (1908); Dale 
( 1914) ; Pratt ( 1918). 
Lendner (1908); Waksman (1917). 
Oudemans and Koning (1902). 
Lendner ( 1908). 
Waksman (1917); Pratt (1918). 
Adametz (1886); Hagem (1907); Jen-
sen (1912); McLean and Wilson 
(1914); Waksman (1917); Pratt 
(1918); Werkenthin (1916); Taka-
hashi (1919); Rathbun (1918); Ab-
bott ( 1923). 
Dale (1914). 
Lendner (1908); Hagem (1907); Waks-
man (1917). 
Waksman (1916), (1917); Hagem 
(1907); Lendner (1908); Jensen 
(1912). 
Waksman (1917); Namyslowski (1910). 


































botryoides . Lendner 
saturninus Hagem 
sphaerosporns Hagem 
glomerula (Bainier) Lendner 















ambiguus V uill. 
stolonif er Ehrenb. 
heteroganms 
(1912); Takahashi (1919); Pratt 
(1918). 
Waksman (1917); Jensen (1912); Dale 
(1914); Pratt (1918). 
Lendner (1908); Hagem (1907); Adam-
etz (1886); Jensen (1912); Waksman 
(1917); Takahashi (1919); McLean 
and Wilson (1914); Werkenthin 
(1916); author. 
Hagem (1907); Waksman (1917). 
Lendner (1908); Jensen (1912); Waks-
man (1917); Rathbun (1918). 
Hagem (1910); Waksman (1917). 
Hagem (1907); Dale (1914); Waksman 
(1917); Pratt (1918). 
Lendner (1908); Dale (1914); Waksman 
(1917); Abbott (1923). 
Lendner (1908); Hagem (1907); Waks-
man (1917). 
Hagem (1907); Dale (1914). 
Oudemans (1902); Takahashi (1919). 
Hagem (1907). 
Hagem (1907); Jensen (1912); Adam-
etz (1886). 
Hagem (1910). 
Hagem ( 1910). 
Lendner, see Jensen (1912); Hagem 
(1910). 
Lendner, see Jensen (1912). 
Hagem (1912); Lendner (1908). 
Hagem (1910). 
Lendner (1908); Pratt (1918). 
Lendner (1908). 
Oudemans (1902); Abbott (1923). 
Pratt ( 1918). 
Goddard ( 1913). 
Goddard (1913); Adametz (1886). 
Rathbun ( 1918). 
Zygorrhynchus Vuilleminii, Namys Waksman (1917); Abbott (1923); Nam-
yslowski, see Jensen (1912). 
Moe/leri Vuill. Jen sen ( 1912). 
Family Thamnidiaceae 
40. Tnamnidium elegans Link Jensen (1912) . 
FamHy Pilobolaceae 
41. Pilaira anoma/a (Cesati) Schroeter Koning, see Jensen (1912). 
Family M ortiere/laceae 
42. Mortiere/la subtilissima Oud. Koning (1902). 
43. " p11silla Oud. Koning (1902). 
44. isabel/ina Oud. Koning ( 1902). 
45. humicola Oud. Koning (1902). 
Family Chaetocladiaceae 
46. Cunninghamella elegans Lendner Lendner (1908) . 
F:lllTlily Saproleg11iaceae 
47. Aphanom>•ces laevis de Bary See Jensen (1912). 
48. Pythium de Baryanum Hesse Butler (1907). 
49. " intermedium de Bary Butler (1907). 
50. " vexans de Bary Butler (1907). 
51. prolifer:tm de Bary Butler ( 1907). 
52. rostratum Butler Butler ( 1907). 
53. monospermum Pringsch. Butler (1907). 










Chaetomiiim cochliodes Palliser 
" globosum Kunze 
funirnlum ( ? ) 
crispatum Fuckeli 
Jensen (1912). 





59. P leurage verriiculosis Jensen Jen sen ( 1912). 
6o. Sporormia fasciculata Jensen Jensen (1912) . 
FUNGI IMPERFECT! 
Order Sphaeropsidales 
Family S phaerioidaceae 
61. Chaetomella horrida Oud. Koning (1902); Abbott (1923). 
62. " tortilis Delacroix Koning, see Jens en ( 1912). 
63. Sphaeronema Fagi Oud. Koning (1902). 
64. Coniothyrium Fitekelii Sacc. Waksman (1917). 
Order M oniliales 
Family Moniliaceae 
65. Sachsia albicans Bay 
66. Oospora lactis (Fres) Sacc. 
67. " variabilis ( ? ) 
68. M onilia sitophila (Mont) Sacc. 
69. " candida Bonord. 
70. lmmicola Oud. 
71. fimicola Cost. et Matr. 
72. geophila Oud. 
73- koningi Oud. 
74. Oidium lacti.s Fres. 
75. Cephalosporiwm acremonium Corda 
76. koningi Oud. 
77. curtipes Sacc. 
78. humicola Oud. 
79. Trichoderma koningi Oud. 
So. lignorum (Todc) Harz 
81. album Preuss. 
82. glaucum Abbott 
83. nigrovirens Goddard 
84. Corethropsis paradoxa Corda 
85. Aspergillus niger van Tiegh. 
86. " fumigatus Fres. 
87. nidulans Eidam 
88. diversicolor Vuill. 
89. calyptratus Oud. 
90. fuse us Schiemann 
Jensen (1912). 
Adametz (1886). 
Dale ( 1914). 
Waksman (1917). 
Adametz ( 1886). 
Koning (1902); Waksman (1917) . 
See Jensen (1912). 
Koning (1902). 
Koning (1902); Dale (1914); Goddard 
( 1913). 
Waksman (1917); Adametz (1886). 
Koning (1902); Dale (1914); Waksman 
(1917). 




Oudemans and Koning (1902); Jensen 
(1912); Dale (1914); Abbott (1923); 
Takahashi (1919); Waksman (1917); 
Goddard (1913); Rathbun (1918). 
Jensen (1912); Waksman (1917); Dale 





Waksman (1917); Dale (1914); Rath-
bun (1918); Takahashi (1919); Ab-
bott ( 1923). 
Waksman (1917); Jensen (1912); Abbott 
(1923); Takahashi (1919) . 
Waksman (1917); Goddard (1913); 
Takahashi (1919); Abbott (1923). 
Waksman (1917). 
Waksman (1917); Oudemans and Kon-
ing (1902); Goddard (19II). 
Waksman (1917). 





f lavtts Link 
clavattts Desmas. 
repens de Bary 
globoms Jensen 
95. terricola March 
var. Americana 





















terreus Thom and Church 
oryzae Ahlburg 





Aspergil/us minutus Abbott 
" humus Abbott 
Citromyces glaber Wehmer 
Penicillimn commune Thom 




e%pansum Link emend. 
IT4. Penicillium italicum Wehmer 
115. " o%alicum Thom 
II6. notatum Westling 
n7. viridicatu.m West. 
l 18. atramentosum Thom 
n9. rugu./osum Thom 
120. cyclopium West. 
121. lividum West. 
122. glaber Wehmer 
123. pfefferianus Wehmer 
124. desiscens Oud. 
125. geophilum Oud. 
126. silvaticmn Oud. 
127. terrestre Jensen 
128. lilacinum Thom 
129. Jiumicola Oud. 
130. litteum Zukal 
131. pinophilitm Hedg. 
132. purpurogenum .(Stoll) 
Thom 
133· Penicil/ium roqueforti Thom 





Waksman (r9r7); Abbott (1923) . 
Waksman (r9r7); Abbott (1923). 
Waksman (1917); Dale (1914). 
Jensen (1912); Waksman (r9r7); Dale 
(1914). 
Scales ( 1914). 
Oudemans and Koning (1902); Abbott 
(1923) . 
Dale ( 1914) ; author. 
Adametz (1886); Takahashi (1919); 
Goddard (1911); Abbott (1923). 
Werkenthin (1916). · · 
See Thom and Church (1926); author 
Takahashi ( 1919). 
See (1926); author. 
See (1926). 





Waksman ( 1917) ; Abbott ( 1923) . 
Jensen (1912); Waksman (1917); Ab-
bott ( 1923). 
Waksman (1917); Abbott (1923). 
Waksman (1917). 
Waksman (1917); Jensen (1912); Adam-
etz (1886); Dale (1914); Abbott 
( 1923). 
WakSman (1917); author. 
Waksman (1917). 
Waksman (19917). 
Waksman (1917); Dale (1914); Pratt 
(1918). 
Waksman (1917) . 
Waksman (1917); Dale (1914); Abbott 
(1923). 
Waksman (1917); Dale (1914). 
Waksman (1917); Dale (1914) . 
Waksman ·(1917). 
Waksman (1917). 
Waksman (1917); Jensen (1912). 
Oudemans and Koning (1902). 
Oudemans and Koning (1902); Jensen 
1912). 
Jensen (1912); Dale (1914). 
Waksman (1917); Dale (1914); author. 
Oudemans and Koning ( 1902) ; Jensen 
(1912); Pratt (1918); Goddard 
(1913); Takahashi (1919). 
Waksman (1917); Werkenthin (1916); 
Abbott (1923). 
Waksman (1917); Abbott (1923). 
Waksman (1917); author. 
Waksman (1917); Abbott (1923). 
Waksman (1917); Dale (1914); Abbott 
(1923) . 
Waksman (1917). 
Goddard (1913); Adametz (1886). 











































Gliocladium penicilloides Corda 
Scopulariopsis brevicaule Sacc. 
" communis ( ?) 
repens ( ?) 
rufidus ( ?) 
roseum ( ?) 
Ambylosporium echinulatum Oud. 
Monos porium silvatirnm Oud. 
" acuminatltm var. 
terresire Sacc. 
Allescheriella nigra ( ?) 
Botrytis cinerea Pers. 
terrestris J ens·en 
V erticillium chlamydosporium 
Goddard 
V erticillfam terrestre (Link) Lindau 
" glaiirnm Bonord. 
Acrostalagmus albits Preuss. 
var. variits Jensen 
Acrostalagmus albus Preuss. 
" cinnabarinus 
var. nana Oud. 
S picaria silvatica Oud. 
" simplicissima Oud. 
" dernmbens Oud. 
:violacea Abbott 
Cephalothecium rosettm Corda 
Papulaspora pannosa ( ?) 
Sepedonium chrysospermum Bull. 
N ematogoni1tm humicola Oud. 
Trichothecium roseum Link 
Mycogone nigra Morgan 
Ramttlaria magnusiana ( Sacc) 
Lindau 
Myceliophthora sulphttrea God. 
Coccospora agricola Goddard 
Pachybasium humatum Bonord. 
Goddard (1913). 
Takahashi (1919); Goddard (19u). 
Takahashi (1919) . 
Takahashi (1919); author. 
Abbott ( 1923). 
Dale (1914); author. 
Wa;ksman (1917). 
Dale (1914). 
Dale ( 1914). 
Dale ( 1914) . 
Dale (1914). 
Koning (1902) ., 
Koning (1902) . 
Saccardo, see Jens en ( 1912) . 
Takahashi (1919) . 
Waksman (1917); Takahashi (1919); 
Dale ( 1914) ; Lendner ( 1908) . 
Jensen ( 1912) . 




Waksman (1917); Abbott (1923) . 
Koning (1902); Waksman (1917); God-
dard ( 1913). 
Koning ( 1902 ) ; Rathbun ( 1918). 
Koning (1902); Jensen (1912); author. 
Koning (1902) . 
Author. 
Waksman (1917). 
Waksman (1917) . 
Waksman (1917). 
Koning ( 1902) ; Dale ( 1914). 
Jensen (1912); Dale (1914). 
Jensen (1912). 
Werkenthin (1916). 
Goddard (1913) . 
Goddard ( 1913). 
Goddard (1913) . 
Family Dematiaceae 
174· Toni/a lttcif11ga Oud. 
175. Basisporium gallarnm Molliard 









H ormodendrimi hordei Bruhne 
" cladosporiodes 
(Fres.) Sacc. 
H ormodendrum pallidum Oud. 
H elminthosporiitm interseminatltm 
Berk. et Rav. 
H elminthosporium subulatum Noes. 
Alternaria humicola Oud. 
Ellis 
f ascirnlata Cooke and 
185. Alternaria tenuis Nees. 
186. Macrosporium commune Rabenh. 
Koning (1902) 
Wa;ksman (1917) . 
Waksman (1917); Dale (1914); Werk-
enthin (1916); Abbott (1923). 
Waksman (1917); Dale (1914). 
Jensen (1912); Waksman (1917) . 
Jensen (1912); Goddard (1913). 
Koning (1902). 
Dale (1914). 
Takahashi (1919) . 
Koning (1902); Dale (1914); Waksman 
(1917); Abbott (1923). 
Jensen (1912 ) . 
Dale (1914); Takahashi (1919). 















E. V. ABBOTT 




Synsporimn biguttatum Preuss. 
Stachybotrys cylindrospora Jensen 
" atra Corda 
lobulata Berk. 
Dematium pullalans de Bary 
Dicoccum aspera Corda 
Acremoniella f1t~ca var. minor Corda 
Trichocladiltm aspe.rum Harz 
Periconia byssoides Pers. 
Pratt ( 1918). 











Pratt ( 1918). 
Family Stilbaceae 
200. Stysanus stemonites (Pers.) Corda Waksman (1916); Goddard (1913). 
2or. Tilachlidium hmnicola Oud. Koning (1902). 
Family T11berct1lariaceae 
202. Fusarimn ang11stmn Sherb. Waksman (1917). 
203. .. b1tllatum Sherb. Waksman (1917). 
204. solani, Ap. et Wr. Waksman ( 1917) ; Dale (1914). 
205. orthoceras Ap. et Wr. Waksman (1917). 
2o6. o:rysporium Sherb. Waksman (1917). 
207. caitdatmn Wr. Waksman (1917). 
208. rubiginosum ( ?) Dale (1914) 
209. lini Bolley Waksman (1916). 
210. affini F. and L. Pratt ( 1918). 
21 I. dimerm111n Penz. Pratt ( 1918). 
212. lanceolat1tm Pratt Pratt ( 1918). 
213. acitmi11at1m1 Ell. and Ev. Pratt (1918). 
214. sang11ine1t1n Sherb. Pratt ( 1918). 
215. elegantum Pratt Pratt ( 1918). 
216. idahoammi Pratt Pratt ( 1918). 
217. tricothecioides Woll. Pratt (1918). 
218. eitlmontm Sherb. Pratt ( 1918). 
219. discolor Sherb. Pratt ( 1918). 
220. subpallidum Sherb. Pratt ( 1918). 
22I. aridum Pratt Pratt ( 1918). 
222. nigrum Pratt Pratt (1918). 
223. radicicola Wr. Pratt (1918). 
224. o:ryspornm Schlecht. Werkenthin (1916). 
225. Myrothecium roridmn Tode Waksman (1917) . 
Mycelia Sterilia 
226. Ozonimn corceum Pers. Dale (1914). 
227. .. chrysospermum ( ?) Dale (1914). 
228. Rhizoctonia solani Kuehn Pratt ( 1918). 
THE RELATION BETWEEN pH AND THE REACTION OF 
AQUEOUS SOLUTIONS AT VARIOUS TEMPERATURES 
By ELLIS I. FULMER. 
From the Laboratory of Biophysical Chemistry, Chemistry Department, 
Iowa State College. 
Received for Publication Sept. 1, 1926. 
IT IS common practice to interpret pH values of aqueous solutions, par-
ticularly those used in biological work, in terms of the reaction of the 
medium; that is, a given pH is said to represent an "acid," a "neutral" 
or an "alkaline" medium. The pH of water at the given temperature is 
taken as the reference of ''neutrality'' or the neutral point is attained 
when pH= pOH. At temperatures from 18° to 25° the pH of water is 
very nearly 7.0, hence a pH > 7.0 represents an alkaline and a pH< 7.0 
represents an acid solution. 
It is the purpose of this paper to emphasize the change in the pH of 
water with temperature and to show that this change is sufficiently great 
to render misleading a too promiscuous use of 7.0 as "neutral" thru tem-
perature ranges common to biological work. A quantitative method will 
be proposed for the interpretation of pH in aqueous solution in terms of 
reaction at any temperature. 
In the following table are given values for the pH of water at various 
temperatures as determined by Lorenz and Bohi (1909). These values are 
used because they were obtained potentiometrically, as are most values of 
pH in the laboratory, and also because they most nearly represent the 
hydrogen ion ''activities.'' 
The experimental values are given in the first column, while those in 
column (b) were calculated by Lorenz and Bohi by the use of the van't 
TABLE I. VALUES OF THE 
pH OF WATER AS DETER· 
MINED BY LORENZ AND 
BoHI (1909) . 
t• I pH j Cale. 
Exp. (a) (b) 
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Hoff isochore. The figures in the last column 
were calculated by the following empirical 
equation derived by the author, i. e., 
log (pH :- 5.215) =' 0.3450 - 0.00422 tt,0 • 
It is a.t once obvious that the change in 
neutral pH is so great with change in tem-
perature that it cannot be ignored through 
the ranges of temperature commonly used in 
the biological laboratory. Two significant 
statements may then be made: 
1. A given pH may represent an acid, 
neutral or alkaline medium depending upon 
the temperature. · · 
2. A given reaction of a solution or 
medium is represented by a different pH 
for each temperat'ure. 
A few examples will illustrate the im-
portance of the above statements. The opti-
mum pH for the action of a ·certain enzyme is 
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found to be 6.7 at 30° representing a slightly acid medium. If this pH 
were used at 50°, at which temperature the neutral pH= 6.576, the medium 
will be alkaline. Suppose it were found that the values for th optimum pH 
for a given enzyme at various temperatures are identical with those given in 
table I. There would be two correct statements of results, the optimum pH 
decreases with rise in temperature, or, the most favorable reaction of the 
medium, in this case neutral, is independent of the temperature. If the 
shift of neutral pH with temperature is not taken into consideration and 
the value of 7 is used through a considerable temperature range, it would be 
falsely stated in the above instance that at low temperatures the most 
favorable reaction of the medium is alkaline, while the most favorable 
action takes place in a medium of increasing acidity with rise in tempera-
ture. 
It would seem then that whenever pH is to be interpreted in terms 
of the reaction of the medium it will be necessary to use the value of . 
neutral pH appropriate for the temperature under consideration. As a 
quantitative standardization the following procedure is suggested. 
Henderson ( 1917) defines the reaction of an aqueous solution as fol-
lows: 
+ 
neutral, (H) =(OH)= 1 
+ 
acid, (H) > 1 > (OH) 
+ 
alkaline, (H) < 1 < (OH) 
that is, the reaction of the medium is determined by the ratio of hydro-




+ (2) at neutrality (H) =(OH) or A= 1 = N 
+ (3) log (H) - log (OH) =log A from equation (1) 
or 
(4) pH ~pOH=pA . 
Let pN =neutral pH at any teqiperature, then 
(5) p0H=2pN-pH 
and 
(6) pA=2pH - 2pN 
-On tlie scale above suggested, 
+ Neutral, (H) 
--. - : =1 
(OH) 
pA= O 
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+ (H) 
Acid, ___ > 1 pA =negative 
OH) 
+ (H) 
Alkaline, ---< 1 pA =positive 
(OH) 
It will occur to the reader that this function pA is similar to the Xfl 
proposed by Wherry (1919). However, the above author arbitrarily chose 
7 .0 as neutral reference and proposed the new scale of XH as a substitute 
for pH. It seems highly undesirable to the author of this paper that the 
pA scale should in any wise be generally used for the expression of pH 
values, but that its use should be limited strictly to instances where the 
pH values are to be translated into terms of the reaction of the medium. 
In all pH studies, however, the temperature used should be stated. 
It will often be necessary to calculate the value of pH for one tempera-
ture ( t 0 2 ) that is equivalent in "acidity" to the pH at another tempera-
ture ( t 0 1 ). This may be accomplished as follows: 
(7) 2pH =pA + 2pN from equation (6) 
Let pH1' pH2 and pN1' pN2 be values for the respective functions 
of t 0 1 and t 0 2• 
For example, it is desired to know at what pH a solution must be at 
50° to have the same acidity as a solution of pH= 7.00 at 10°. By the 
use of equation (8) it follows that: 
pH (50°) = 6.58 ,,22 + 7.00 = 6.36 
That is, a solution whose pH= 6.36 at 50° has the same "acidity" as 
a soh~ti6n of pH= 7.00 at 10°. By use of equation (6) it is found that 
+ (R) 
for the s_olutions discussed above pA = - 0.44 and A= --= 2.75. 
, . . . . . - (OH) .. 
In figure I is presented a nomogram by means of which may be cal-
culated the pH at any temperature which is equivalent in acidity to the 
pH at the given temperature. The nomogram takes advantage of the fact 
that the lines connecting equivalent values of pH1 - pN1 and pH2 ...- pN2 
intersect on the line AB. For example, it is desired to know the pH at 
50° (pH2 ) which represents the same "acidity" as a pH of 7.00 (pH1) at 
10°. Determine the point of intersection on the line AB of the lill;e con-
necting pH= 7.00 and the proper value of "neutrality" (pN1 ) for 10°. 



























Nomogram . for calc~latlon ~f the pH. S:t any temper:1.ture which is' equivalent ln 
acidity to the pH at the given temperature. 
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Construct a line thru this intersection from the proper value of ''neutral-
ity" for 50° (pN2 ). The intersection of this line on the pH scale will 
give the value desired, in this case pH2 = 6.36. 
SUMMARY 
1. \Vhenever values of pH are to be interpreted in terms of the re-
action of the medium at various temperatures, the shift of neutral pH with 
temperature must be taken into account. 
2. A given pH may represent an acid, neutral, or alkaline medium 
depending upon the temperature. 
3. A given reaction of a medium is represented by a different pH 
for each ·temperature. 
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THERE has been some disagreement among taxonomists working with 
the Orthoptera, as to whether the dark marked tree cricket described by 
l!-.. Walker as Oecanthus nigricornis is really a distinct species from the 
pale one described later by Buetenmiiller as 0. quadripunctattus. The two 
insects are very similar morphologically, but differ in color characters 
and are usually separated by differences in the markings on the two proxi-
mal antenna! segments. Caudell, Houghton (1909), E. M. Walker (1904) 
and Blatchley (1920) have mantained that they are only varieties, th-at 
numerous intergrades occur, and that it is impossible definitely to separate 
the two. 
In working with these insects in New York state, P. J. Parrott (1914) 
and the writer became convinced that they were two distinct species. We 
found a difference in the choice of host plants for oviposition which was 
associated with the ecological distribution of the two species. 0. nigricornis 
was found in berry plantings and on tall rank weeds or brushy growths of 
more woody plants such as willow, elder, sumac and grape. 0. quadri\. 
punctatits was found only in old fields, especially where the wild carrot 
(Daucus ca.rota) was abundant. This plant was preferred above all others 
for oviposition, but occasionally other pithy weeds one to two feet high 
were used, such as aster, small species of Salida.go, and Ambrosia artemisii-
f olia. 
These habit differences were associated with color characters, the most 
constant of which was the color of the abdominal sternites, which is diffi-
cult to determine in pinned specimens due to the shriveling and diseolora-
tion of the body on drying. We also found ·a constant difference in the 
morphology of the eggs of the two species. · · · · 
Rehn & Hebard (1916), studying these insects · in the southeastern 
states, believed that the twu species were distinct. They state that in addi-
tion to coloration, 0. nigricornis may be distinguished from the other by 
" the heavier pronotum, the greatest width of which more Closely approxi-
mates the length of the same than in that species (0. quadripunctatus), 
while the head between the eyes is weakly but distinctly depressed, a condi-
tion not at all or rarely very weakly indicated in quadripmtctatus." In the 
specimens examined by the W'1~ter, few of which were from the southeastern 
states, the depression between the eyes has not . proven distinct or constant 
enough to be of any aid in separating the species. In specimens from Ohio 
and Iowa the pronotum of nigricornis averages slightly broader in pi:9por-
tion and also slightly larger in relation 'to the wings, but here again the dif-
ference is slight and the maximum for quadripunctafas overlaps . tP'e mini-
mum for nigricornis. .; .. ·. 
When the writer moved to Oregon he found tree cricket. eggs_ iµ berry 
canes deposited in a manner similar _to 0. nigricornis in the east: .They 
proved to be the eggs of a physiological variety of the snowy t\;ee ~:ricket, 
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0. niveus, an account of which has been published (:B""ulton (1925) ) . 'l'he 
former species did not occur there, nor did quadripiinctatus, but one very 
similar to both was found abundant in prairie regions where it was closely 
associated with a certain weed with sticky glandular hairs, called the gum 
plant ( Grindelia). This insect had oviposition habits more like 0. quadri-
punctatus, but the markings on the proximal antennal segments were very 
heavy and the ventral segments and sides of the abdomen were only slightly 
darkened, if at all. The species agreed with Saussure's description of 0. 
argentinus and this identification was sustained by Caudell, who stated that 
he regarded it as merely a variety of nigricorn.is. 
The problem of the relationship and distribution of the three species, 
or subspecies, at once suggested itself. From time to time the writer had 
opportunity to collect series in various parts of the country and to exam-
ine specimens loaned by other collectors. 
The problem resolved itself into, first, an attempt to determine the 
western limits of n·igricorn-is and qttadripundatus and the eastern limits 
of argentinus, and second, to find out if there is any blending between any 
or all of the species in question. 
:METHODS 
In order to facilitate the tabulation of data, it was found advisable to 
originate a series of arbitrary classes based on the markings of the proximal 
antenna! segments. At first, attempts were made to classify the material 
in a straight line series from light to dark markings, but it soon became 
evident that this would not work. It was found that dark body color is 
rather closely associated with certain types of antenna! pattern, and that 
those with a heavy pattern diverge in two directions from a middle ground, 
one toward typical nigricornis with increasing body color and the other 
toward typical argentinits, without essential increase in body color. 
After a number of changes 12 classes were decided on, which seemed 
to have approximately equal value and served well enough to show the dif-
ferences in the tree cricket population of various regions with regard to this 
&et of characters. Records were also kept on the degree aJ.ld extent of dark 
body color, where this was possible. The frail integument of the abdomen 
makes records on coloration . of that part untrustworthy except in fresh . 
or liquid preserved material. 
The 12 classes were based mainly on the markings of the first antennal 
&egment.. Numerous records showed that the degree of coloration of the 
seco.nd segnient \Vas closely correlated hi the majority oi specimens. The 
material was. th~refore classified on the basis of the pattern of the first seg-
ment alone except il.l doubtful cases. The 12 classes are illustrated in table 
II, and are described ;is follows : 
1. With Jio markings. 
2. With either the inner or . outer elements of the . pattern absent and th\':! 
other reduced. . 
3. Space between the spot and line at least three times the avera.ge width 
of the iiiie~ · · · · · · 
4. Space 2 times, but less than 3 times, the width of the line. 
5. Space about the wl.dth .of the I.Ille or a· little over. 
6. Space· about one·half the width of the line or a little over. Space of fairly 
uniform breadth or the narrowest part ·proxlm·ad. · Line quite heavy and 
ot 11early uniform breadth. · · · · · · 
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7. Space distinctly less than one-half the width of the line, and narrowest 
proximad, or spot and line barely contiguous, leaving a notch distad. Line 
very heavy and of nearly uniform breadth or narrower distad. LittlQ or 
no infuscation of the remainder of the segment. 
8. ,Spot and Jlne distinctly confluent; line very heavy. Little or no infusca.-
tion of the remainder of segment. 
6'. Space about one-half the average width of the line or a little over, narrow-
est part distad. Line not unusually heavy and broadest distad. Segment 
often slightly shaded distad and proximad of the spot. 
7'. Space distinctly less than one-half the width of the line, narrowest distad, 
or spot and line barely contiguous distad. Remainder of segment more 
or less shaded. 
8'. Spot and line distinctly confluent, but usually leaving a notch of ground 
color proximad. Segment distinctly infuscated; palest areas bordering 
the line on both sides. 
9'. Pattern decidedly obscured by a general dark infuscation of at least the 
distal two-thirds of the segment. 
In scoring series of specimens on the above plan it is impossible to 
diminate the personal element in the interpretation of doubtful specimens. 
It must be admitted that in series containing many atypical forms, no sub-
sequent examinations would place all specimens in exactly the same classes 
again. 'l'he method serves to give a general idea of the complexion of a 
series, but conclusions must not be drawn too closely. This work was not 
intended as a study in evolution or heredity, but is merely an attempt to 
clear up a taxonomic problem. Better conclusions could be drawn from 
series which numbered in thousands, but the study has been limited to such 
collections as were available and to limited opportunity for travel. For 
several reasons these insects are not ideal material for a special study of 
variation. 
The writer is fully mv•are that there is such a thing as "place varia-
tion,'' that a species varies somewhat in character from generation to gen-
eration or over longer periods of time. Only a few of these series were 
t aken at the same place during different years. There the differences found 
are probably not greater than would be obtained by the law of chance if 
the second collection had been made the following day. Field observations 
on these insects covering seven years in New. York and five years in Ore-
gon have convinced the writer that they did not vary noticeably during that 
time in the characters used for separating the species. 
RESULTS 
The results of scoring all material examined are summarized in two 
tables. In table I are shown the actual numbers of individuals of each 
class; in table II the percent of each class is shown graphically only for the 
larger series. In many of these the number of individuals is much too 
small for drawing any quantitative conclusions. In several cases nothing 
is known about the ecological conditions where collections were made. In 
some series, especially those showing two distinct modes, the height of each 
m-0de depends entirely on the amount of collecting done in each of the two 
kinds of habitats, and not on the relative abundance of the two forms in 
that particular locality. 
Other specimens examined fell in the above classes as follows: Mineral 
Springs, Ind., 3 in class 4; Montreat, N. C., 1 in class 9; Pascagoula, Miss., 
2 in class 4; Grant Co., Okla., 1 in class 7; Bozeman, Mont., 2 in class 5; 
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TABLE I. 
- No. o! specimens of each class. Upper rows 
refer to upper series 6' to 9'. 6-6' Ser- Locality Inter- Total !es I I I I I 6' I 7' I B' I 9' med-
i I 2 I a I 4 I 5 I s I 7 I s I late 
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TABLE I-Continued. 
No. of specimens of each class. Upper rows 6-6' 
Ser- Locality 
refer to upper series 6' ot 9'. Inter- Total 
ies I I ! I I 6' I 7' I 8' I 9' med-late 
1 I 2 I 3 I 41 6 I 6 I 7 I 8 I 








3 I 35 
36 J Whitewood, S. D. I I I I I J 1 I I j Sept, 9, '23 . · 4 2 6 2 I 16 
37 I ~a~~~!m1es I I 1 I I 3 I 2 I 5 I 4: I 31 I I 88 
38 I ~~;eston, Texas I I j 1 I I 3 j j I I I • 
:;9 I ~~~:nsville, Texas I I I I I 6 / 10 I 1 1 · I I 17 





45 I Arizona, ot~~~alities \ I \ I 2 \ \ \ 5 \ 1 \ I 8 




50 I Corvallis, Ore. I I I I I I I I I Sept. 6, '23 2 26 . 3 I 31 
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TABLE !.,.-.Continued. 
No~ ot specimens o! each class. Upper rows 6-61 
Ser- Locality 
refer to upper series 6' to 9'. inter- Tota l les ! I I I I 6' I 7' I 8' I 9' med-iate 
1 I 2 I 3 I 4 I 5 I 6 I 7 I s I 
61 I Corvallis, Ore. 
Sept. 2, '23 I I I 19 
52 I Corvallis, Ore. 
Other specimens I I · 1 30 
53 I CorvaU!s, Ore. 
J Total of 49 to 62 I I I 111 
54 I Medford, Ore. 
Aug. 3, '21 I I I 6 
55 I Forest Grove, Ore. 
Oct., 1906 I I I 3 
Billings, Mont., 3 in class 4; Tempe, Ariz., a bottle of specimens collected 
by R. M. Wilson from alfalfa were examined several years ago and notes 
taken at the time show that they all had the heavy antenna! markings and 
would fall in class 7 or 8. 
Further data on the series of specimens from which data was taken: 
(2) Newark, Ohi-0, from Ambrosia trifida, river bottom land, and Daucus 
carota, npland fields. (3) Gainesville and Newberry, Fla., collected by 
Fred Walker, the Newberry specimens from dog fennel. (4) Oskaloosa, 
Iowa, from Ambrosia artemisiif olia on side and top of hill pasture, growing 
in clumps. (5) from Solidago clumps in the same pasture. (6) from Poly-
gonum and Bidens in a wet gully, same field as last. (7) from tall Solidago 
and Ambrosia trifida along fence surrounding above field. (9) Ames, Iowa, 
from Ambrosia artemisiifolia and other small weeds, river terrace pasture. 
(10) same place, following year. (11) from A. artcmisiifolia, another river 
terrace pasture 5 ,miles from (9). (12) from Cannabis sativa and Vernonia, 
creek bottom land, one-quarter mile from (9). (13) same place follow-
ing year. (14) from same plants two miles down stream from (12). (15) 
from Ambrosia trifida and H eliantkus along fence half mile from ( 11). 
(16) from various kinds of weeds on terrace above creek. (17), (18), (19) 
three collections from same raspberry planting. (21) Sioux City, Iowa, 
mainly from Erigcron canadensis and H eliantkus t.uberosus, all from same 
field. (22) Lake Okoboji, Iowa, from various weeds in low meadows adja-
cent to lake. (23) to (33) and (36) loaned by H. C. Severin. (23), (24), 
(25), Brookings and Lake Hendricks, S. D., low prairie. (27), (28) Can-
ton and Yankton, S. D., valley land with natural tree .growth. (29) Volin, 
prairie. (31) (32), Capa and Pierre, S. D., central part, latter in Missouri 
Valley, former in a branch valley 35 miles southwest. (;33) Martin, S. D., 
sand hill area with sparse vegetation. (34) Aweme, Manitoba, loaned by 
E. R. Buckell, collected by N. Criddle. (35) Bismarck, N. D., mainly from 
Grindelia, Missouri river bottom land. (36) Whitewood, S. D., in Black 
Hills altitude 3,700; pine, spruce and oak forest region. (37) Kansas, 
from University of Kansas collection, a few specimens each from many 
localities scattered over entire state. ( 38), ( 39) collected by Snow, Uni-
versity of Kansas collection. ( 40) Fort Collins, Colo., mostly from tall 
weeds in low ground, those in classes ( 4) and ( 5) from sage brush. ( 41), 
(42), (43), collected by C. J. Drake and H. H. Knight. (44)-Williams, 
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Ariz., from Chrysothamnus. ( 45) Arizona, several isolated records, mostly 
from University of Kansas collection. Localities given: S. Ariz. (2 in class 
4), Bill Wm's. Fork (1 in class 8), Cochise Co., San Rita Mtns., Douglas, 
Tucson, Phoenix. ( 46) Big Timber, Mont., from Grindelia and Helianthus, 
collected by J. R. Parker. (47) Boise, Ida., loaned by Claude Wakeland. 
( 48) La Grande, from weeds in mountain side gully and field in valley 
several miles north. ( 49 )- ( 53) Corvallis, Ore., mainly from Grindelia. 
( 49) prairie near creek. ( 50) dry fields at foot of hill. ( 51) hillside 
prairie, mostly on Hypericum. (52) miscellaneous specimens, all from 
prairie. (54) Medford, Ore., from Grindelia along railroad. 
DISCUSSION OF RESULTS 
An examination of the tables shows three general conditions in regard 
to the populations of these species, corresponding largely to three general 
regions, the eastern deciduous forest region, the great plains and the Rocky 
Mountain-Pacific Coast region. 
In the eastern part of the country, extending a little west of the Missis. 
sippi, nigricornis and quadripunctatus seem to be fairly distinct, suffi-
ciently so that one would be justified in calling them separate species. A 
few individuals may be found which would be difficult to place on the 
basis of antenna! markings alone, but with fresh material or specimens in 
liquid, showing clearly the body color, especially the abdominal sternites 
(fig. I, A. B.), I believe practically all specimens could be properly identi-
fied. In this region the two crickets live in different environmental con-
ditions. 
By long experience in collecting these insects, the writer can tell at a 
glance which cricket would be found in any particular plant association 
in this region. 0. nigricornis is found among the large, coarse, herbaceous 
plants with pithy st~s or brushy growths of more woody plants or young 
trees of certain species. Quadripunctatus lives only among smaller species 
of pithy stemmed herbs. This well defined ecological distribution seems to 
be based on the oviposition habits which may be tested out in cages. If 
each species is given a choice of a number of different kinds of stems for 
oviposition, nigricornis will select large stems of about 6 to 10 mm. or even 
,. 
Fig. 1. Showing the extent of melanlc color on the dorsal and ventral stdes of the body 
with wings and legs removed except the right femora In the dorsal view. (A) Dark 
and (Bl light colored specimens of o. nlgrlcornl1 from eastern states. (C) Dark 
form of 0. argentlnus found In some western localities. 
GEOGRAPHICAL VARIATION IN OECANTHUS 51 
larger, while quadripunctatus will choose stems of 3 to 4 mm., or seldom 
as large as 5 mm. If given only one kind of plant, as raspberry for ex-
ample, nigricornis will oviposit in the main part of the cane, while quadri-
punctatus will use the tips or leaf petioles, neither of which would be nor-
mal for the latter species. 
At Oskaloosa, Iowa, where the two crickets are not as widely separated 
as they are further east, collections were made in an old pasture extending 
over a low hill. The fence along the bottom of the hill was surrounded by 
tall weeds, such as the giant ragweed (Ambrosia trifida) and a large species 
of golden-rod (Solidago). In the field, extending over the hill, there were 
many clumps of somewhat smaller g()lden-rod and the common ragweed 
(Ambrosia artemisiifolia). Series ( 4), collected only from the last named 
plant, contained only 3 specimens of nigricornis out of 37, and series ( 5), 
taken only from the clumps of golden-rod, contained 8 of the latter species 
out of 59. Some of these plants were of such size that the lower stems 
would come within the normal size range for oviposition by nig·ricornis. 
Series (6), collected from smartweed (Polygonum) and Spanish needle 
( Bidens), in a wet gully on the side of the hill, contained a considerable 
proportion of both f()rms, but none of doubtful taxonomic position. Series 
(7), taken from tall weeds along the lower fence, contained only one quadri-
punctatus out of 33. In all the specimens there was close correlation be-
tween the type of antenna! markings and body color. All in classes (7') and 
(8') had black or very dark abdominal sternites and most of them were 
shaded on the sides of the abdomen, and had the typical dark areas on head 
and pronotum, as well as dark legs and antennae (Fig. I, A. B.). Two of 
the specimens in (6') showed only faint color on the abdomen, the other was 
typically dark. These results show that at this locality, which is near the 
western limit of originally extensive deciduous forests, the two forms are 
fairly distinct both taxonomically and ecologically. 
Series collected in the territory included in the great plains area are 
more difficult to interpret. This includes territory which is largely prairie, 
but which may have forest in the immediate vicinity of the larger streams. 
Here w:e find all three forms present, nigricornis, quadripunctatus and 
o.rgentinus, and there are also more atypical specimens which are difficult 
to place. At Ames, Iowa, which is at about the eastern edge of this area, 
argentinus does not appear to be present, and the other two approach each 
other more closely and are more often associated than at Oskaloosa, 70 miles 
to the southeast. Series (11) shows a pure population of quadripunctatus 
taken on common ragweed (Ambrosia artemisiifolia) and vervain (Verbena 
sp.), all small plants, 1 to 2 feet high, growing at the top of a river terrace 
in an old pasture. Series (9) and (10) were taken on two successive years 
on the side and top of another terrace much closer to the stream, from the 
same plants as above with the addition of a small golden-rod. In series 
(10) only one typical specimen of nigricornis out of a total of 74 was found 
and that at the foot of the terrace. Compare these with series ( 15) taken 
from giant ragW1eed (Ambrosia trifida) and a Helianthus growing along a 
fence on level ground not over half a mile back from the terrace where 
series (11) was collected. Here we have only two specimens of quadri-
punctatus out of 33. No such p~re populations are found in any of the 
other series taken around Ames, including those from creek bottom land 
collected largely from hemp (Cannabis sativa) and iron weed (Vernonia), 
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both large plants. The nigricornis present falls largely in the paler class 
( 6'). There are many individuals which closely approach typical argentinus 
and fall in class (6) and many which seem to be intermediate in position 
between (6) and (6'). 
All of the quadripuncta.tus in series (9), (10) and (11) have en-
tirely pale bodies, while all of the nigricornis in series (15) have dark 
venters, but the typical dark areas of the head and pronotum are faint or 
narrow. In the other series there is a general correlation between antennal 
pattern and body coloration, but there are many exceptions. :rv{,any in the 
6' class show no dark color oii the venter, some of the 7' clasa are only 
faintly colored, while on the other hand many in class 5 and even a few in 
class 4 have a more or less dark colored venter. Specimens from the bot-
tom land and berries are also larger on the average than the typical q1Uadri-
1'Unctatits from the river terraces. 
At Sioux City, Iowa, which is at the western edge of the state and 
within the strictly prairie region, all three forms were found in the same 
tield both on tall plants (Helianthus) and on small weeds (Erigeron cana-
densis) . Series ( 21) was collected in a field on the side of a small valley 
which was fringed with trees, but not extensively wooded. There were 
i:;ome intermediate forms, but on the whole the three forms were more dis-
tinct than would be expected when finding them so closely associated. As 
can be noted in the percentage graph in table II, the modes come in 
classes 5, 7' and 8. Class 6 was almost absent, while class 6' and intermedi-
ate forms were few in number. There was close correlation between an-
tenna} pattern and body color. All in class 7' had dark venters. One 
rather doubtfully assigned to 8' had only a faintly colored venter. One in 
6' was entirely pale, while another was faintly shaded. One specimen in 4 
had a faintly shaded venter. 
At Lake Okoboji, in northwestern Iowa, the three forms were also 
found associated in low ;neadow land adjoining the lake. An examina-
tion of the several series from the eastern part of South Dakota show's that 
nigricornis and quadripunctatus predominate in that region as in Iowa, 
but that argentinits is present as a minor element of the population or at 
least certain individuals show definite argentinus tendencies. Much the 
same condition is found in the series from Aweme, Manitoba. The correla-
tion of body color in the last locality was poor like that in the Ames series 
taken from berries. 
In series ( 35), collected on the Missouri bottom lands at Bismarck, 
N. D., we find a fairly uniform distribution of speci.inens in all classes from 
3 to 8, with a minor element in the population showing distinct nigricornis 
characters. None of those in 6' have a very pronounced dark body color 
and could not be called typical nigricornis. A small series from Capa, 
S. D., (No. 31) shows the same condition, and series (36) from Whitewood, 
S. D., in the Black Hills, contains only one i;ipecimen similar to the above. 
The Kansas series contains only two specimens of typical nigricornis, from 
the northeastern part of the state near the Kansas river. 
Typical argentin'us forms the largegt ele.ment in the Kansas series, 
taken from all parts of the state, a few specimens from each of 36 localities. 
It also predom:inates in the Whitewood, S. D., and Fort Collins, Colo., 
series, both from the western portion of the great plaiDB region. At Fort 
Collins, the specimens in classes 4 and 5 were taken from semi-desert plants, 
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largely Chrysotharnniis, while the typical argentinus came from a patch of 
marsh ground where the crickets were living on tall rank weeds. 
Series (33), from the sand hills at Martin, S. D., contained 15 typical 
argentir11us and 40 specimens of what I · take to be an extreme form of 
quadrip'ltnctafos. These were different from any other series I have seen 
in having the antenna! pattern extremely reduced. Some other series have a 
few individuals with one element of the pattern absent, but in the Martin 
series this was the mode and nine specimens had no trace of antenna! pat-
tern. It is not known whether the two groups were associated in nature 
or not. 
Series (38) from Brownsville, Texas, contained many specimens in 
which the spot of the antenna! pattern was reduced relatively more than 
the line. These fell in class 5, but · many of them were not typical of 
qtiadripunctatus. There were relatively few typical argentinus :md most 
of the specimens were somewhat intermediate between the two, with many 
irregularities in form of pattern. 
In comparing the series from the great plains area we find extreme 
variation in the complexion of the tree cricket populations even in locali-
ties not far removed from each other. Most of them show that the three 
forms are quite close together and field notes show that in some cases they 
are associated in nature. While in most cases the typical forms outnumber 
the intermediate forms, there are enough of the latter to indicate hybridiza-
tion or blending. Nigricornis becomes scarce toward the west and loses its 
typical coloration, argentinus extends eastward almost if not entirely to 
the limits of the true prairie region. Qitadrip·unctatits ranges westward as 
an insect of the higher and dryer prairie and finally becomes an inhabitant 
Fig. 2. Ma p showing the antenna! pattern of specimens from \'arious localit ies, or the 
commone&t types of pa ttern found In series of sp"eclmens . 
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o.f the semi-desert. Whether these last are true quadripunctatus seems 
doubtful on the evidence of the egg characters as brought out later. 
In the Rocky Mountain-Pacific region, the classes in the wigricorniis 
group are entirely a:bsent and classes with light antenna! pattern extend 
only thru the Rocky Mountains, as indicated by available collections. No 
series of any size from this region shows a bimodal grouping of the popu-
lation, but all fall into a fairly normal curve. In specimens from south-
western Colorado and Williams, Arizona, and two specimens in the Kansas 
University collection labelled S. Arizona, there is a peculiar reduction of 
the spot of the antenna! pattern and frequently it is divided, leaving a small 
portion isolated on the extreme distal part of the first segment on the 
outer edge. In many of these specimens the line is as heavy as in typical 
argentinus. The few specimens examined from various other parts of 
Arizona ( 45) were mainly typical argentinus. I also have notes taken 
before the present study was started, on a series of specimens collected by 
R. M. Wilson on alfalfa at Tempe, Arizona. These were typical ar:gentinus 
as shown by sketches made at the time. The abdomen was marked by lightly 
infuscated lines extending across all of the abdominal sternites on each 
r:lide and by rows of lightly infuscated patches in a dorso-lateral position. 
'rhese specimens must have been almost identical to average specimens from 
western Oregon, where the same body markings are present. (Fig. 1, C.) 
Series ( 47) from Boise, Idaho, appears to be typical quadripunctatus. 
·rhese were collected by Wakeland aµnong weeds along irrigation ditches 
and the collector states that they sometimes oviposit in the twigs of prune 
trees, a habit which reminds us of nigricornis in the eastern states. 
Series (46), Big Timber, Mont., collected from Grindelia and Helian-
th its, falls mainly in the quadripunctatus groups, but shows decided ten-
dencies toward argentinus. Many specimens have the lightly infuscated 
stripes on the venter, and many have the reduced spot common in the south-
western states. The first named host plant is the favorite of typical argen-
tinus in western Oregon. All series from western Oregon ( 49 to 55) show 
remarkable uniformity, with nearly all specimens falling in classes 7 and 8. 
Series ( 48) from La Grande, in eastern Oregon, has the same mode, but a 
larger proportion of specimens show a lighter antenna! pattern. 
EGG CHARACTERS 
In studying the tree crickets in New York state it was found that the 
eggs of quadripunctatus could be distinguished from those of nigricornis 
by the structure of the cap at the cephalic end. The cap is a white covering 
delicately moulded into numerous minute ridges and projections which are 
arranged in spiral rows in two directions, similar to the scales of a pine 
cone. The projections gradually increase in length from the base of the 
cap, reaching a maximum near the apex and decrease again at the immedi-
ate apex. Subsequent descriptions of projections apply to those of maxi-
mum length unless otherwise stated. 0. nigricornis egg caps were found to 
be broadly rounded and considerably broader than tong, and the projections 
were short. In quadripunctatus eggs the cap tended toward a conical shape 
and averaged only a little broader than long, while the projections were 
finger-shaped and about twice as long as in the other species. 
Comparing the eggs from a number of localities we find that they differ 
more or less in character in each place. (Fig,' .3.) At Newark, Ohio, 
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Fig. 3. Eggs of tree crickets. Vertical columns show detal!s of eggs from one locality. (N) o. nlgrlcornla. (Q) 0. quadrlpunctatus. (Under Newark, 0., left column ls 
O. quadrlpunctatua; rlghti 0. nlgrlcornla.) When eggs were dissected from specimens 
the class of antenna! pa tern ls given. In other cases, the eggs were taken from 
plants. Horlontal rows show: (A) Egg caps, with extremes figured in cases where 
considerable variation was found. (B) Types of longest pr6jectlons found as seen 
at the edge Of the cap. The right side Is toward the apex of the cap in every case. (C) The same when viewed directly in the middle . of the cap. Enlarged 25 diameters 
for caps, 400 diameters for projections. 
the eggs of both species 'agree closely with the descriptions and drawings 
made of eggs of the same species at Geneva, N. Y., the only difference noted 
was that the eggs of quadripunctatus from Ohio showed a· more pronounced 
conical shape of the cap and in the majority of them the length of the cap 
was greater than the diameter. Altho there is the same relative difference 
in length of cap projections in the two species, they are longer for both 
species in the Ohio eggs. This difference may possibly be accounted for by 
an improvement in the method of measuring them. 
The projections of the Ohio nigricornis eggs are expanded a little near 
the tip, forming a rounded knob, and are slightly flattened so that the 
diameter measured on a transverse tangent with the egg surface is a. little 
greater than the radial diameter. A few of the projections, especially 
toward the base of the cap, have a slight shoulder or buttress on the side 
toward the base, but this is not the rule. In the eggs of quadripunctatus 
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the projections are also knobbed and slightly flattened at the tip, and usu-
ally slightly curved near the tip. Many of them, possibly half, have a 
more or less abrupt shoulder of variable height. In some cases this forms 
a ridge or rib extending to the tip. 
Eggs collected at Ames, Iowa, on the sites where series (11) and (15) 
were collected, show even greater differences between the two forms. The 
nigricornis eggs are very similar to those from Ohio, but the quadripuncta-
tus eggs exhibit a longer and more conical shaped cap, while the projections 
are longer, more slender, less clubbed and most of them are provided with a 
shoulder or buttress. 
Eggs collected in wild raspberry canes at St. Paul, Minn., and some 
from Brookings, S. D., in raspberry (8.5 mm. diameter), and a pithy weed 
stem (7 mm. diameter), are very similar to the nigricornis eggs found else-
where. 
Eggs found in Grindelia (5-8 mm. diameter) and wild rose (3 mm. 
diameter) at Bismarck, N. D., at the same time and place that series (35) 
was collected, are more like nigricornis eggs, altho the oviposition is more 
like that of quadripunctafos. The cap projections differ from nigricornis 
eggs in being broader and in the presence of a low shoulder or buttress on 
the majority of them. 
Eggs collected at Bozeman, Mont., resembled those from Bismarck, 
but with a more pronounced and more constant development of the shoulder 
on the projections. At the time these eggs were collected, only two crickets 
could be found, both of which were placed in class 5, which is the common-
est class in the Big Timber series (No. 46). 
Eggs from Corvallis, Oregon, have a short rounded cap, but the pro-
jections are quite long and resemble those of quadripunctatus. Many of 
them have a shoulder, but probably most of the longer ones do not. 
In order to obtain still more information on the egg characters, the 
dissected eggs £rom specimens in liquid and also some pinned, ones were 
studied. In most of the series the females did not contain any well devel-
oped eggs if collected before September. Oskaloosa, Iowa, specimens showed 
the same type of eggs for nigricornis and quadripunctatus as found at 
Ames. Eggs were obtained from the following specimens of series (21), 
Sioux City: 1 from class 3, 4 from class 4, 5 from class 5, 2 from class 7, 
4 from class 8; 1 from class 6'. Unfortunately, all female specimens in 
classes 7' and 8' were young and contained no eggs. All eggs from speci-
mens in classes 3, 4 and 5 had the long conical cap with the long projections 
as at Ames. All other eggs .had a short, rounded cap. The projections on 
eggs from classes 7 and 8 were slender, of medium length, many of them 
with a slight shoulder, and showed points of resemblance both to Corvallis, 
Oregon, eggs and to eggs from Bozeman, Mont., and Bismarck, N. D. 
Curiously enough, eggs from the one specimen of class 6' had the short, 
stout projctions typical of nigricornis from Ohio. 
Dissected eggs from crickets collected on raspberry at Ames all had , 
the short, rounded cap with short projections. A 11pecimen of class 5 from 
the creek bottom land, series ( 12), also had eggs of this type. Most of the . 
Ames specimens were collected before eggs were developed. 
One specimen of quadripunctatus from Newberry, Ji"".la., contained four 
well developed eggs. The cap was not excessively long and conical as in 
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Iowa, but resembled more the Geneva, N. Y., condition. The projections, 
however, were long and slender, as in Iowa specimens. 
Eggs dissected from a dried specimen of class 4 from Boise, Idaho, had 
the short, rounded cap and short projections. The same was true of eggs 
from a Fort Collins, Colo., class 7 specimen, and also from a class 5 speci-
men, but in the latter case the projections were obscured. 
The evidence from the egg characters indicates that the tree crickets 
found on raspberries and on tall bottom land weeds at Ames, Iowa, are 
r.igricornis whether the antennal pattern is lighter than the typical condi-
tion or not. It indicates also that those with the light antennal pattern 
from Colorado and Idaho are not true quadripunctatus. The egg charac-
ters must be fairly constant for the latter species in the east, where the 
flame general type is found in such widely separated localities as New York, 
Ohio, Iowa and Florida. At Sioux City, Iowa, the meager data seem to 
indicate that quadripunctatus is distinct there also, yet it seems improbable · 
that it could exist without hybridizing when intimately associated with 
such closely related forms. 
The egg characters point toward a close relationship between nigri-
cornis and argentinus. Nigricornis eggs from Ames closely resemble those 
dissected from argentinus · specimens from Sioux City, Iowa, and Fort 
Collins, Colorado. 
CONCLUSIONS 
The extent to which local environmental conditions may change the 
character of the tree crickets of the nigricornis group has not been deter-
mined. It seems hardly possible that all the results could be accounted for 
in this way. The environmental difference between a small rag~ed grow-
ing in a pasture and a bramble or sunflower ten feet away, is hardly great 
enough to account for the differences in color, egg structure and habits, 
found between nigricornis and quadripunctatus. If environment were 
directly responsible for the differences, why should all three forms be found 
in the same field and on the same species of plants as at Sioux City, Iowa T 
Likewise in western Oregon, apparently similar differences in environ-
ment have little or no effect on the color characters, which hold remark-
ably constant. 
On the other hand, we find in the far west little or no difference in the 
egg characters between series which fall largely in the pale classes of an-
tennal pattern and those which are typical argentinus. Considering the 
extreme environmental differences that may be found in the western moun-
tain regions, it seems entirely possible that color characters could be in-
fluenced to some extent at least by the physical environment. 
On the whole, one is forced to the conclusion that in each locality the 
crickets have a certain genetic constitution differing more or less from 
those in other localities. In the eastern portion of the United States and 
Canada; nigricornis and quadripunctatus are fairly distinct, sufficiently so 
to be considered different.species if they did not range beyond this region . . 
Both forms are found in most of the eastern territory, but nigricornis · 
ranges farther north and reaches the southern states only in the Appalachian 
Mountain regions. In the eastern portion of the great plains area, nigri-
cornis becomes less distinct, by reduction of the average antennal pattern 
and body color, altho the eggs retain essentially the same character, In 
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this region it apparently blends or hybridizes with argentinus, which has 
eggs very similar to nigricornis. Nigricornis predominates in the eastern 
portion of the area and fades out to the west, while the reverse is true of 
argentinus, which also extends to the Pacific coast states. 
The situation in regard to quadripunctatus is more uncertain. All 
known eggs of this form from the eastern states, so far examined, have 
shown distinct characters, even as far west as Sioux City, Iowa. No eggs 
were obtained of the extreme form found in the sand hills at Martin, S. D., 
but it seems plausible that this might represent the extreme western 
extension of true quadripunctatus. The few eggs obtained from appar-
ently typical quadripunctatus from Colorado and Idaho were not like those 
found in the eastern states, but were more like the eggs of argentinus. 
This evidence points to a closer relationship to argentinus. Either the 
two forms are less distinct in the far west or else true quadripunctatus ex-
tends only as far as the eastern portion of the great plains, and similar 
forms found in the far west are only variations of argentinus, possibly due 
to local environment. From a practical standpoint, the best we can do at 
present is to consider all series with the light antennal pattern and pale 
body color as quadripunctatus. 
Until better characters for separating the tree crickets of this group 
have been discovered, it seems advisable to consider nigricornis, quadri-
punctatus and argentinus as subspecies. The greatest difficulty in identi-
fying them will be found in the central portions of the country. There 
they exhibit little or no differences in the choice of envfronment. One 
would hardly expect such closely related races to be associated on the same 
plants without hybridizing to some extent. There is no experimental evi-
dence to show whether this is the case or not, but many individuals are 
found which are intermediate in regard to the characters commonly used 
in separating them. 
OTHER SPECIES 
The only other known species of Oecanthus in the nigricornis group 
is 0. pini Beutenmuller, which has characters distinct enough to justify 
its rank as a separate species. The antennal pattern is not very distinctive. 
It is usually like that of class 4 or 5, with the spot on the first segment 
small and round or with an outward extension along the distal border of 
the segment. The lines on the second segment are straight, parallel, of uni-
form width and usually well separated. In some specimens the outer ele-
ments of the pattern are faint or absent. 
The most distinctive character about the species is the general ground 
color of the body. It could be confused only with specimens of related 
species discolored by too long confinement in the killing bottle. In dry 
specimens, it is a light yellowish or reddish brown, lighter on the lateral 
portions of the pronotal disk and ventral side of the thorax, and darkest 
on the median part of head and pronotum. The pale color is close to clay 
color, cinnamon, or cinnamon buff in Ridgway's "Color Standards and 
Nomenclature,"' while the darkest parts are near snuff brown, walnut 
brown, or burnt u.mber. The arrangement of the darker color is similar to 
typical nigricornls, but in the latter the dark color on the pronotum is fus-
cous or black on a pale buff or ivory yellow ground color. The venter of 
the abdomen is bla(!k in typical nigricornis as compa1ed to dull brown in 
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pini. The first antenna! segment is broader in pini, being nearly as wide 
vs long; the ground color of the two basal segments is the same as the palest 
body color, while the remainder of the antenna assumes the darkest body 
color. 
In life pini is easily recognized by the distinct green of the wing veins. 
The hind femora and dorsal part of the abdomen have enough green to give 
them an olive color. The head and thorax appear more reddish-brown in 
life and contrast sharply to the greenish color of the wings. NyiJllphs have 
greenish wing pads, a green abdomen with cream colored dorso-lateral 
stripes; the remainder of the body is light brown; the legs a light olive 
brown. The species has been found only on or near pines. 
KEY TO NORTH AMERICAN OECANTHINAE• 
On the basis of this and other recent work on the tree crickets, the 
following modified key is appended: 
A. Front face of the proximal antennal segment with a small but prominent 
tubercle or knob on the distal border near the middle; no black markings. Hind 
tibiae armed with spurs only. Wings exceed the tegmina by at least half their 
length. Deciduous forest and thickets. Conn. to Ga., west to Iowa, Kansas, 
Texas. Recorded by Saussure from Mexico and Central America. 
· Neoxabea bipunctata (De Geer) 
AA. Proximal antennal segment without a prominent tubercle on the distal bor-
der. Distal half of hind tibiae armed with several long spines and numerous 
small teeth. 
Oecanthua 
B. Front face of proximal antenna! segment with a broad, white or ivory col-
ored swelling at the inner edge, ornamented with black. Area between eyes 
usually tinged with yellow. 
C. Swelling with a round or oval, black (or rarely brown) spot. Second 
segment wth a similar spot. Width of dorsal field of male tegmina nearly 
half of length. Deciduous trees and shrubs. Me., Ont., and B. C., to Ga., 
Cuba., Calf., Mexico and Central America. 
O. niveua (De Geer) 
CC. Swelling with a curved or "J-shaped" black mark; the proximal end 
curved toward the inner side. Second segment with elongated black 
mark. Width of dorsal field of male tegmina less than four-tenths of 
length; length 10 to 12 mm. Pronotum usually with a darker median 
streak. Deciduous trees and shrubs. Mase., Mich., Minn., S. D., to Fla., 
Kans., and Tex. 
0. anguatipennia Fitch 
CCC. Swelling with a club-shaped black mark, broadest proximad. Second 
segment with elongated black mark. Width of dorsal field of male 
tegmina less than four,tenths Of length; length 12.5 to 14 mm. On 
certain oaks, sometimes on hickory, beech and other deciduous trees. 
Conn., Long Island and N. C., to Ohio, Tenn., Mo., and Iowa. 
O. exclamationia Davis 
BB. Front face of proxmal antennal segment without .a swelling on the inner 
edge; this edge nearly straight except at the base and nearly parallel 
with outer edge. 
----
.Three other North Amercan species of Oecanthua have been described by C. F. 
Baker. The writer has not examined the types, but In the descriptions there 
is nothing to definitely separate 0. Rileyi Baker from niveua or 0. rehnii 
Baker from argentinus. O. marcosensis Baker is apparently onlr a dark form 
of the species commonly accepted as californic1is. 
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C. Subgenital plate of female with a broad notch posteriorly, half as broad 
as widest part of the plate. Width of dorsal field of male tegmina about 
half the length (in one case as low as .44). Front side of proximal an· 
tennal segment never ornamented with more than a narrow dark line 
along the inner edge. 
D. Typically pale straw color or ivory, with top of head and base of an-
tennae purplish pink; proximal antenna! segment without distinct 
markings. Large; male tegm!na 13 mm. and over; female, 11 mm. 
and over; oviposter 6.5 mm. and over. Pronotum width at hind mar-
gin seldom greater than length In males, distinctly less in females; 
pronotum small in relation to tegmina so that width of hind border 
goes into length of tegmina 5 to 6 times. Hollow on side of terminal 
segment of maxillary palp rarely covers more than distal third of 
segment. In thickets of shrubs, vines and tall weeds. Long Island, 
southern Mich., and Minn., sou theastern S. D. to Ga., Miss., and 
Kans., possibly to Tex. 
O. latipenni s Riley 
DD. Brown to ivory with only a reddish tinge on top of head in pale 
forms; proximal antenna! segment in many specimens with a dark 
line along the inner edge of front face. Smaller; male tegmina 10 
to 13 mm.; female, 8 to 11.5 mm.; oviposter, 5 to 6 mm. Pronotum 
of male with width of hind border generally exceeding length by 
more than one-tenth; in females length seldom exceeds width by 
more than one-tenth. Pronotum larger in relation to tegmina, 
width of former included in length of latter 4 to 5 times. Hollow 
on side of terminal segment of maxillary palp covers distal 3-5 to 
1-2 of segment. Thickets of shrubs and other low plants. Wash. ( ?) , 
Ore., Ida., to Calif., Colo., Ariz., N. Mex., Tex., and Ark. ( ?) . . 
O. californicus Saussure 
CC. Subgenital plate of female with a narrow notch posteriorly, not more 
than one-fifth of widest part of plate. Male tegmina narrow; width of 
dorsal field rarely over four-tenths of length. F'ront side of proximal 
antenna! .segment, with few exceptions, ornamented with more than a 
narrow line along inner edge. 
D. Head, pronotum, legs and antennae light to medium brown, sometimes 
reddish-brown; underside of abdomen dull brown. In life, wing veins 
green, dorsum of abdomen and hind femora olive green. In pines or 
near them. Mass., Conn., Long Island, N. J., Pa., N. C. 
O. pini Be1ttenmuller 
DP. Head and pronotum typically with a fuscous median stripe on pale 
yellowish ground color, (or these parts entirely pale or nearly en· 
tlrely black). Sternites of abdomen typically entirely black; atypic· 
ally lightly infuscated or pale. Proximal antenna! segment orna· 
mented as in classes 6' to 9'., atypically as in 5 (table II). On tall 
weeds, shrubs, young trees ot vines. Typical: Me., Ont., Minn., 
S. ·D., to eastern Kans., Mo., Ky., and Va.; in mountains to Tenn. 
and N. C. Atypical: Man., N. D. to Nebr., western Ia. 
O. nigricornis nigricorni8 Walker · 
DDD. :Body entirely pale or with abdomen lightly infuscated along each 
side of the sternites and dorso-laterally. Proximal antenna! seg· 
men ts ornamented as in classes 6 to 8; atypically with line as in 6, 
but with spot reduced. Generally on weeds 1 to 3 feet high, or 
small shrubs. Great plains and west to Pacific. 
O. nigricornis argen.tinus Saussure 
DDDD. Body entirely pale. Abdominal venter lightly infuscated in some 
atypical specimens. Proximal · antenna! segments ornamented as 
in classes 1 to 5 (rarely as in 1 and 2) . On small weeds 1 to 2 
feet high. Typical: Me., southern Ont., Mich., Minn. to Fla., 
Miss. Atypical: B. C., Man., to Ariz., Tex. 
O. nigricorni s quadripunctatu,s Beutenmuller 
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SUMMARY 
Three tree crickets of the genus Oecanthus, namely nigricornis, quadri-
punctatus and argentinus, differ from each other mainly in color charac-
ters and have been separated by the nature of the black markings on the 
two proximal antenna! segments. There has been some dispute among 
taxonomists as to whether they represent distinct species. 
In order to classify the material from various localities on the basis 
of the antenna! pattern, twelve approximately equal, arbitrary classes were 
originated. The classes with light pattern (quadripunctatus) run in a 
straight line series up to a middle point and from there diverge in two 
directions, toward the extreme types of nigricornis and argenti11JUs. 
In the eastern portion of the U. S. corresponding roughly to the 
country originally largely covered with forest, nigricornis and qucidripunc-
tatus are present and distinct in color characters, ecological distribution and 
habits, as well as having distinct types of eggs. They could be considered 
separate species if they did not extend beyond this region. 
In the great plains region, nigricorni.s, quadripuncfotus and argentinus 
are found, with many intermediate forms. The three are often associated 
in the same field on the same kinds of plants. The characteristics which 
typify nigricornis gradually disappear from the population toward the 
west, while the reverse is true of argentinus characters, which cQme no far-
ther east than the true prairie regions. 
Only argentinus and quadripunctatus are found in the Rocky Moun-
tain region and are not clearly separated. The former only has been found 
in the Pacific Coast region. 
Quadripmictafos has the same distinct type of egg in N. Y., Ohio, Fla. 
and Iowa. In the western region the eggs of individuals falling in the 
quadripunctatiis classes of antenna! pattern are of a different type and re-
semble those of typical argentinus. . 
Until better characters are discovered for separating the three tree 
crickets of this group, it se~s advisable to consider them as subspecies. 
A revised key to the Oecanthinae of North America is appended, based 
on this and other recent work. 
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NOMOGRAM FOR DETERMINATION OF GENERATION TIME 
AND VELOCITY COEFFICIENTS FOR RATES OF GROWTH OR 
DEATH 
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THE value of nomographic or alignment charts has long been recog-
nized in many of the sciences and in their applications. Apparently they 
have been but little used in biology. It is the purpose of this article to 
present a nomogram which is useful in the calculation of growth and death 
rates of microorganisms. 
One of the commonly used methods of evaluating the effect of any en-
vironmental factor upon an organism is to make comparisons of growth 
rates or death rates under different conditions. This may be most satis-
factorily accomplished during the so-called logarithmic growth phase, and 
during the analagous logarithmic death phase, when this is fo'O.nd to occur. 
In a study of growth rates during the logarithmic growth phase, de-
terminations are usually made of the generation time, or the velocity con-
stant of the rate of growth (rate of growth per cell). These relationships 
may be expressed mathematically as folloW's: 
b = B2t/g or b/B = 2t/g (1) 
and b = Bekt or b/B = ekt (2) 
in which B =No. of cells (as bacteria) at beginning. 
b = No. of cells after time t. 
g =Length of one generation time, expressed in same units as t. 
e =Base of natural logarithms. 
k=Rate of growth per cell (Velocity constant of the rate of growth). 
Similarly in a study of death rates, if such rates are logarithmic, the 
following relationships hold: 
b = B2-t/g or B/b = 2t/' (3) 
and b = Bekt or B/b = ekt ( 4) 
Equations (3) and (4) are similar to (1) and (2), differing in having 
the number ratios inverted, and 
g = Time required for the number of cells to be decreased by one-half. 
k= Velocity constant of the rate of death (Rate of death per cell). 
From the accompanying nomogram it is possible to determine for any 
of these equations the value of any one of the four quantities if values are 
assigned for the other three. Usually the three known are b, B and t, the 
one to be evaluated g or k. 
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Nomogram for determination of generation time and velocity coefficients for ra tes of growth or death. 
NOMOGRAM FOR GENERA'l'ION TIME, ETC. 
a. To determine generation time during logarithmic growth. 
b = B2t/g. Place a straight edge to draw a line through the determined 
values of B on Axis 1 and b on Axis 2. The intersection of this line pro-
jected with Axis 3 gives the value of b/B. Connect by a straight edge this 
point on Axis 3 and the given value of t on Axis 5. The intersection with 
Axis 4 gives the corresponding value for generation time (g). Similarly 
if values are known for any three of the variables, one may determine the 
other. 
b. To determine rate of gt·owth per cell (velocity constant during logarith-
mic growth. 
b = Bekt. Proceed as under a, except read value of k from the upper 
side of Axis 4. It will be noted that Axis 4 constitutes a stationary scale 
from which values of either g or k may be read if fPe other is known. 
c. To determine the time for half the cells to be killed during wgarithmi.c 
death. 
b = B2-t/g or B/b = 2t1i:. It will be recalled that equation (3) is the 
same as equation (1) with B/b replacing b/B. The same nomogram is 
used as for (1) except that b is read on Axis 1 and B on Axis 2. The 
method of a is used otherwise. 
d. To determine the velocity constant of the rate of death during log-
arithmic death. 
b =Be-kt. or B/b = ekt. Follow directions for b, except read b on 
Axis 1 and B on Axis 2. 
If B be defined as initial concentration of a substance undergoing 
monomolecular change, and b the concentration after time t, then this 
nomogram may be used for determining the velocity constant of the mono-
molecular reaction. 
NOTE. It will be noted that the nomogram makes provision for 100 units 
of time only. If time, as in minutes, is greater, use a larger unit. For example, 
it t is 300 minutes, use say 10 minutes as the unit of time, and take reading on 
the Axle 5 at 30. The result secured on Axis 4 should be multiplied by 10 to con· 
vert into minutes. 
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THE recent investigations by Riker (1923a), (1923b), and those by Rob-
inson and Walkden (1923), showing that Pseudomonas tumefaciens Sm. and 
Town. probably does not push through the tissues in intru11ive tumor 
strands, have afforded a new angle of attack upon the crown gall problem. 
In fact, the results from the above researches may be said to have reopened 
the whole crown gall problem in its relation to rosaceous plants and to the 
general practices of propagation of apples and many other types of nursery 
stocks. Such biological aspects of the causal organism as its prevalence in 
overgrowths and hairy root formations and its longevity in the soil in 
competition with other bacteria, as well as the normal processes of excess 
callus formation at the union of piece-root grafted stocks, and their patho-
logical effects upon young and old trees, become questions of major im-
portance. 
In this paper consideration will be given only to those aspects of the 
crown gall problem relating to the presence or absence of Ps. tumefaciens 
in the various types of overgrowths on nursery stock, the development of 
non-infectious overgrowths and hairy root formations, the possibility of 
infection resulting from the soil and the possible effect of any type of over-
growth of apple and peach on the water conducting capacity of the tree. 
I. CULTURAL STUDIES OF PS. TUMEF A CI ENS FROM APPLE 
GALLS AND HAIRY ROOT. 
In a study of the effect of overgrowths at the union of piece-root 
grafted apple trees, discarded by the nurseryman as crown gall, it became 
at once imperative to determine to what extent Ps. tumefaciens was present 
in these excrescences. Extensive isolations therefore were made not only 
from such overgrowths but also from trees and seedlings showing various 
types of hairy root formation. The organisms recovered, identical with or 
closely resembling Ps. tumefacie-ns in plate cultures, were studied as to 
their pathogenicity on tomato plants. At the same time consideration was 
given' to the overgrowths and the hairy root formations from the stand-
•A thesis submitted to the Graduate Faculty of the Iowa State College In partial fulfill-
ment of the requirements for the degree doctor of philosophy. 
•• The writer wishes to acknowledge his Indebtedness to Dr. I. E. Melhus, under whoso 
direction this work was done, for helpful criticism and suggestlon.s received through-
out the course of these Investigations. 
These studies have been carried out In connection with the crown gall project In 
which the Crop Protection Institute of the National Re.search Council, University of 
Wisconsin, U. S. Department of Agriculture, Office of Mycology and Disease Survey, 
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point of gross appearance and texture in their relation to the healing pro-
cesses incident to propagation by grafting. 
DESCRIPTION OF TREES EMPLOYED 
Representative trees, discarded by the nurserymen as infected with 
crown gall and those showing the effect of overgrowths on water conduc-
tion, were collected and employed in isolation studies. These trees were 
piece-root grafted, two years old or two-year "cutbacks" showing over-
growths usually at the union. They were selected for the most part by 
Dr. I. E. Melhus and the writer in 1924 from a lot of Wealthy trees dis-
carded in the field as crown gall by the nurserymen at the time of digging. 
In other cases similar trees of the varieties Wealthy, Jonathan, Stayman, 
Delicious and others were culled from nursery stock in storage, either by 
the writer or nusery employees. Typical specimens of these trees are 
shown in plate 1, fig. A. 
The overgrowths varied in size, shape and extent to which they en-
circled the tree. In most cases they were located at the union, usually at 
the tip of the scion lip. In some cases they occurred at the tip of the stock 
lip and less frequently along the sides of the union. 
A large majority of the overgrowths were hard and woody in texture, 
with a definite bark layer. The exterior of the gall was rough, granular 
in appearance and showed an excessive development of root primordia, 
fine fibrous or apparently normal secondary roots. Such overgrowths were 
typical of those described by Hedgcock (1910) as the "woolly knot" form 
of hairy root. A second type was small in size, softer in texture, with few 
woody elements within the body of the overgrowth and without secondary 
roots, root primordia or a bark layer. A third type less commonly found 
was smooth surfaced, without roots or root primordia, soft in texture and 
in some cases somewhat spongy with no bark layer. 
In addition to these two-year-·old trees, seedlings typical of those dis-
carded in grading as affected with hairy root were secured from a nursery 
in Kansas in the spring of 1924 and isolations were made. There was no 
evidence of an overgrowth nor of wounds at the point of origin of the 
fibrous roots that arose in clusters of three to ten. The development of this 
type of root clusters occurred on the upper portion of the main root, that is, 
from the crown to a distance of 1 to 4 inches downward. Such roots ap-
peared to have a normal origin in the pericycle and developed later in the 
season than the secondary roots of normal seedlings. In some cases these 
fibrous hairy roots were brown throughout their entire length. 
METHOD OF ISOLATION AND INOCULATION 
In the progress of the isolation studies two methods of procedure were 
followed, the second of which, developed by M. K. Patel ( 1926), was 
a modification of the first to take care of certain difficulties inherenf in the 
isolation of a specific organism from soil-contaminated roots. 
In the usual method of isolation (Smith, Brown and Townsend (1911) 
and Smith (1920) ) the surface of the gall is first disinfected with a 1-1000 
solution of mercuric chloride or flamed and small pieces dipped in the dis-
infectant before crushing. More recently Riker ( 1923a) , W alkden ( 1921) 
and Robinson and Walkden (1923) have shown that surface disinfection 
of the galls with mercuric chloride results in a decided reduction in the 
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number of viable bacteria in plates made from the crushed tissue. In 
poured plates made from galls of Chrysanthemum frutescens dipped 10 
seconds in a 1-1000 mercuric chloride solution, Robinson and Walkden 
( 1923) report the numbers of crown gall bacteria reduced from 200 to 1. 
An attempt was therefore made to eliminate this source of difficulty in the 
isolations. 
The following method, first employed successfully with galls from 
tomato, peach and red raspberry, was used thruout 'the earlier part of the 
isolation studies. The gall was thoroughly washed in running water with a 
hand brush to remove the dirt and loose surface tissue. After drying, the 
surface of the gall was co.vered with 95 percent alcohol and flamed. Small 
pieces of the tissue about 1 centimeter squai·e were next removed from twt> 
or three . places with flamed scalpels, placed in a sterile petri dish and 1 
cubic centimeter of sterile water added. The material was finely macerated 
and allowed to stand for one to several hours to allow the bacteria to diffuse 
out of the tissue. In case the material was kept for several hours, it was 
placed in the refrigerator to check the development of chance contaminants. 
From this suspension, dilution plates were poured, using two three-milli-
meter loops of inoculum in 10 c.c. of neutral potato dextrose agar. The 
plates were examined daily and none was discarded before 10 days or more 
had elapsed. Control plates were poured from galls produced by artificial 
inoculation on apple, willow or tomato and from naturally infected galls 
on apple, peach, rasberry or viburnum, previously proven to be caused by 
the crown gall organism. Colonies resembling Ps. ttimefaciens in the plates 
were streaked upon potato dextrose agar slants and later inoculated into 
tomato. 
In several cases the third dilution plate was so heavily sown. that it 
was impossible to identify the crown gall organism. Such plates were 
flooded with 2 cubic centimeters of sterile water, which made a heavy sus-
pension, and then inoculated into tomato. As a further precautionary 
measure, the suspension of macerated tissue from the overgrowth employed 
in making dilution plates was inoculated into healthy tomato plants. 
In previous attempts at isolation employing potato dextrose agar, when 
a large amount of inoculum from the macerated tissue was used, the plates 
in many instances were overrun with contaminants. When old gall tissue 
was macerated, molds also developed rapidly in the plates. A modification 
of the method of isolation was devised in the bacteriological laboratory by 
M. K. Patel by which large amounts of inoculum could be employed in mak-
ing the plates with less contamination. '.Patel's (1926) method consisted 
essentially of the u.se of a medium in which sodium tauro.cholate and crystal 
violet inhibited the growth of most of the contaminants found in apple 
gall tissue. A large amount of inoculum, 1 to 2 cubic centimeters, was 
added to 25 c.c. of the medium and plates poured. The efficiency of this 
method was first tried by pouring the bile salt agar directly upon macerated 
apple gall material. In four days typical colonies of Ps. tilmefaciens had 
developed, while the. bacterial contaminants were almost entirely absent. 
This method was employed in the later cultural studies upon a lot of 85 
trees. 
ISOLATION STUDIES OF 1925 
In these cultural studies, isolations were attempted from overgrowths 
at the union of 111 piece-root grafted apple trees. These consisted of lots 
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of the varieties Wealthy, Salome and Jonathan selected at digging time in 
1924 from those discarded in the field by the nurserymen or from those in 
storage after field culling. 
The overgrowths on the trees of the different lots presented much the 
same appearance with respect to size, consistency, location on the union, 
presence of roots and root primordia and character of the surface. A de-
scription of one lot of 25 Wealthy trees will suffice to give a very good idea 
of the appearance of the entire number. Where exceptions occur in the 
remainder of the trees, these will be noted in the subsequent discussion. In 
this typical lot of 25 Wealthy trees, the overgrowth was found at the tip of 
the scion lip in 14 cases and along the side of the union in four cases. It 
occurred once at the tip Of the stock lip, once at the base of a lateral root 
from the scion lip and once at the point of a break in the union. In 
four of the trees the overgrowth appeared to be due to a swollen union, 
i. e., the stock was much larger in diameter than the scion. Only one gall 
located at the side of the union showed evidence of decay. In 22 of the 
trees, fibrous secondary roots arose from the finely convoluted surface of 
the excrescence. In the other three trees the surface of the gall was smooth 
without secondary roots or root primordia. In all cases a definite bark 
layer was present. All the overgrowths were of the hard gall type typical 
of ''woolly knot.'' 
Isolations were made from a lot of 29 Wealthy trees obtained from an 
Iowa nursery. Plates were poured Jan. 24, 1925, from the suspension of 
macerated material taken fr<>m three places on the overgrowth. At the 
same time control plates were poured from a soft gall on the root of a two-
year-old peach tree and from a gall on tomato. The isolations from all the 
npple trees were negative. The crown gall organism was recovered from 
both the peach and tomato galls. 
The second lot of 12 piece-root grafted Wealthy trees, reecived from an 
Iowa nursery and similar to those in the first series, was employed in the 
isolation trials on Feb. 1. In 11 of the lot the overgrowths occurred at the 
union. The remaining one was hard in texture, free Of fibrous roots and 
located at the crown of the tree. Eight of the galls at the union were hard 
and rather woody, but could be cut to half their depth with a scalpel. How-
ever, the deeper tissue was quite woody. There was a definite bark layer 
and fibrous roots developed in abundance from the malformation. The re-
maining three galls were relatively soft in texture with a convoluted surface 
and few fibrous roots. All isolations from this lot · of trees were negative. 
In plates from three galls of the hard, fibrous type, organisms closely re-
sembling Ps. tumefaciens were obtained. These colonies in plate culture 
were circular, wet shining, convex, 1 to 3 millimeters in diameter and ap-
peared after five days. Inoculations with subcultures into tomato were 
negative. Control isolations from a tomato gall were positive. 
Eight two-year-old piece-root grafted Salome trees were selected from 
those discarded in the field at an Iowa nursery. The galls were hard in 
texture and the surface appeared finely pebbled due to the development of 
root primordia. Fibrous roots also developed from the overgrowth. The 
galls were thoroughly washed in running water,. rinsed in sterile water and 
ground in a food chopper previously sterilized in boiling water. Plates were 
poured on Feb. 11, 1925, from the material finely macerated in sterile water. 
While colonies resembling the crown gall organism were found in plates 
A STUDY OF CROWN GALL 71 
from each isolation, no infection was obtained uport inoculation into tomato. 
Control plates from a gall on tomato produced by artificial inoculation 
yielded the crown gall organism. 
Another lot of seven piece-root grafted two-year-old Wealthy trees, 
selected by Dr. Melhus and the writer from those discarded in the field as 
affected with crown gall, was employed in making isolations on Feb. 18, 
1925. The overgrowths in every case occurred at the union, usually at the 
tip of the scion lip. These were hard in texture, with an abundance of fib-
rous roots developing from the overgrowth. Colonies suspected of being 
Ps. tumefaciens developed in plates from three of these trees, but failed to 
produce crown gall when inoculated into young tomato plants. 
Trials were also made on Jan. 28, 1925, from four budded two-year-
old Jonathan trees received from a nursery in Missouri. The overgrowths, 
comparatively soft in texture, with a slightly convoluted surface and no 
secondary roots, occurred on the stock about 3 inches below the crown. The 
croW'n gall organism was not recovered from these galls, although colonies 
having the appearance of Ps. tumef aciens appeared on the plates and were 
inoculated into young tomato plants. 
On Feb. 25 isolations were made from the overgrowths at the union of 
four piece-root grafted two-year-old Jonathan trees sorted from stora;ge at 
a Missouri nursery. These overgrowths were small, extending not over one-
fourth the distance around the union, with an elevation and diameter of 2 
centimeters. The surface of the overgrowths was slightly convoluted, their 
texture soft. Small fleshy roots arose from the gall. Tissue was taken 
from the overgrowth after flaming and scraping off the surface. From the 
four series of isolations, Ps. tumefacicns was recovered in one case. In this 
case the gall was soft in texture with fleshy roots arising in a cluster. The 
tissue was taken from the gall 2 millimeters below the surface. 
A lot of 32 piece-root grafted Jonathan trees two years old wns selected 
by the writer on March 10, 1925, from storage at a Missouri nursery. The 
overgrowths varied in size and were soft in texture, with a slightly con-
voluted surface. Fifteen of the galls occurred at the tip of the scion lip, 
10 along the side of the union, 4 upon the scion above the union, 1 at the 
tip of the stock lip, and 1, a secondary gall, arose from an overgrowth at 
the tip of the scion lip. In one case the overgrowth was merely a swollen 
union. Seven overgrowths were free of roots; five showed fibrous roots de-
veloped from them and 20 were fleshy. Organisms resembling Ps. t'Ume-
f aciens developed on plates from all these overgrowths. Inoculations from 
subcultures, macerated ti8sue and suspensions from the plates showing 
Ps. tumef aciens, resulted in the production of a gall on tomato in only two 
cases. In one case the overgrowth with a few fibrous roots was about one-
half inch in diameter and occurred at the side of union. The tissue under 
the surface from which isolations were made had a slightly greenish tinge 
as contrasted with the brownish outer layer. The second overgrowth yield-
ing the crown ·gall organism was a soft gall about 1 centimeter in diameter 
located at the tip of the scion lip. A cluster of fleshy roots arose from 
the gall. 
Isolations were made from a mixed lot of 15 trees on April 18, 1925. 
These consisted of 10 Winesap, 2 Jonathan and 3 Wealthy piece-root grafted 
trees. All of the overgrowths on the Winesap trees occurred at the union, 
extending from one-fourth to one-half the distance around the tree. Six of 
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the overgrowths bore fibrous and two bore fleshy roots ,while the other two 
had no roots. The surface of the gall in each case was finely convoluted. 
Those galls bearing no roots were soft in texture, while those with roots 
could be classed as "woolly knots." In the Jona than trees the overgrowths 
were hard and rough, with an abundance of fibrous roots. One of the 
Wealthy trees showed a typical woolly knot arising from the tip of the 
scion lip. In the second tree the overgrowth was granular, flat and bore 
elusters of fibrous roots. The third tre.e. bore .a soft gall without toots on 
the scion lip. From the Winesap . trees, . the crown gall organism was re-
eo:vered in three cases as follows: from a soft gall without roots at the side 
of the union; from a soft overgrowth with an abundance of fibrous roots 
arising from the tip of the scion lip; and from a sim.i.lar gall without roots 
at the tip of the scion lip. From the Wealthy tree showing the flattened 
overgrowth bearing clusters of fibrous roots, the crown gall organism was 
recovered. Isolations from the Jonathan trees wer~ negative. 
The ·results of the isolations . from 111 piece-.root grafted trees from 
three nurseries in two states show that Ps. tumefaciens was recovered in 
seven cases. 
These results were obtained for the most part from trees discarded by 
the nurserymen because of overgrowths at the union. No attempt was 
made to select lots which would yield the pathogen in a high percentage 
of cases. Further trials were made on one lot of trees grown in soil sus-
pected of being heavily infested with Ps. tumefaciens. . 
This lot of 21 piece-root grafted two-year cutback Wealthy trees, ob-
tained from a Nebraska nursery, was grown on an area from which badly 
galled roses were dug two years previously. Tliey were selected by Dr. 
l\1elhus as suspected crown gall trees. The overgrowths were comparatively 
large, averaging one and one-half inches in length, two inches in width and 
one-half inch in elevation. Of this lot 17 showed no fibrous roots from the 
overgrowth and in 10 of them a bark layer was absent. In these 10 cases 
the absence. of bark was assoc.iated with the spongy texture of the over-
growth . .. The overgrowth in 13 cases occurred at the tip of the scion.lip, 
at .the tip of the stock lip in 4 .cases and on the stock at a broken union in 
the remaining 4 cases. . Two .tre~, typical of those yielding the. cro~ gall 
ba.cteria, are .shown in plate .2, fig .. A; while .in fig. B . are shown two of the 
same. lot in which the overgrowth appea.red .to be due to excess callus and 
from.which Ps. tumefacie1!-nvas .:not recovered._ . . . . . 
. Isolations . from these . overgrowths . yielqed the crown gall organism 
in 16 cases. : Of the galls showing positive isolatio:r;is, six were hard and ten 
spongy; . in . five a bark covering was present a:r;i~l fibrous roots developed 
from the overgrowth. T4ese results . show .that from a large number of 
trees discarded at the nursery because of overgrowths, certain ones can be 
selected which will yield the crown gall organism in a high percentage of 
cases. . . . . . 
After this lot of trees had remained in storage five months, re-isolations 
were made to check the preyious results. During this period the storage 
had become too warm and the overgrowths showed evidence of decay. Iso-
lations were made employing the method as developed by Patel. Of ihe 
plates from the 21 isolations, 7 showed molds but no bacterial growth, 3 were 
sterile, and in 11 small, circular, slightly opaque, white, wet shining colonies 
develop<ld. From these colonies, suspected of peing Ps. fo~faciens, inocu-
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lations were made into young tomato plants, but no galls developed. 
Further inoculations were made at the same time from the suspension of 
macerated tissue and from these galls developed in 15 of the 21 cases. 
These results indicate strongly an inhibitory action of rot-producing organ- · 
isms when growing in competition with Ps. tumefaciens in a medium suit-
iable to both. It is also evident that failure to obtain Ps. tumefaciens in 
culture from decaying galls is not proof of its absence or non-viability in 
the overgrowth. 
ISOLATIONS IN 1926 
In the early part of the cultural studies, isolations were made during 
the period Jan. 24 to April 18 from trees kept in temporary storage. Dur-
ing the latter part of this period storage conditions became very unfavor-
able. Due to the high temperature and moisture necessary to prevent 
drying out of the trees, bacteria and m.olds multiplied rapidly upon the 
overgrowths and in a few cases decay had set in. 
Under these conditions it seemed possible that numbers of the crown 
gall bacteria, if present, might have been killed off, and therefore larger 
amounts of inoculum should have been used in making the poured plates. 
With the method of isolation employed at this time, increasing the amount 
of inoculum was not feasible because of greater contamination. It is pos-
sible that with a method more suited to this condition, a higher percentage 
of positive results might have been obtained. 
A modification of the early method made it possible to use greater 
quantities of the inoculum with less drastic surface disinfection of the tis-
sue and less chance of contamination. 
Employing the method developed by Patel (1926), further isolations 
were made from 85 cutback trees of several varieties. The first lot, consist-
ing of 15 Wealthy three-year-old cutback trees obtained from an Iowa 
nursery in 1924, Ji.ad been set in the experimental plots for one year. These 
trees, with two exceptions as noted later, were especially selected from our 
stock of nursery discards in 1925 as showing hard overgrowths typical of 
excess callus formation. · Isolations from these trees, however, had not pre-
viously been made to determine the presence of the crown gall organism in 
the overgrowths. Of the 13 trees the overgrowth occurred at the tip of the 
scion lip on 3, at the side of the union on 3, on both stock and scion lips on 
2, and along the side Of the union in 2 cases. The three remaining cases 
showed rough, swollen unions. The overgrowths on these trees half en-
circled the tree and averaged one and one-half inches in length, two inches 
in width and three-fourths inch in elevation. As controls isolations were 
also made from one apple and one tomato gall produced by artificial inocu-
lation. The crown gall organism was recovered from four oi the trees and 
from both of the controls. Of those trees selected as showing callus over-
growths the three positive for Ps. tu.me[ aciens showed a swollen union with 
a rough, wrinkled surface and few fibrous roots. The texture of the outer 
portion of the overgrowth was soft, but they were hard and woody within. 
Only one of the two trees selected as typical of crown gall yielded the 
pathogen. The galls in both cases were spongy in texture and occurred 
upon hard, woody overgrowths arising from the scion lip. 
Similar trials were made on eight piece-root grafted two-year-old Deli-
cious trees from a Missouri nursery. These trees were selected from stoi·~ 
I 
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age before the final culling was done. Seven of these showed an abundance 
of :fibrous roots arising from the overgrowth, which averaged 1 inch in 
length, 1 inch in width and three-quarters inch in elevation. Only one over-
growth was free of fibrous roots. None of these ttees yielded the crown 
gall organism. Bacterial colonies were found in only two of the plates and 
they did not resemble the crown gall organism. Inoculations from the 
macerated gall tissue also proved negative. The overgrowth in two cases 
occurred at the end of the main root and along the side of the union, while 
in the three remaining cases it had developed at the tip of the scion lip. 
Eight one-year-old grafted Rome Beauty trees were obtained from the 
storage of the same nursery. These were collectd by the writer because 
of the abundant development of fibrous roots from the overgrowths at the 
union. Four of the trees also showed fleshy roots arising from the gall. 
In contrast with the other trees employed in isolation trials, these showed 
only slightly raised overgrowths, which appeared to be callus formations 
with a finely convoluted surface. The deep tissue was hard and woody. 
In seven of the trees the overgrowths occurred along the side of the union, 
while in the other tree it was found at the end of the stock lip. 
The crown gall organism was recovered from three overgrowths, all 
at the side of the union and two bearing fleshy roots. Colonies resembling 
Ps. tumefaciens developed in three othet plates, but upon inoculation failed 
to produce galls on tomato plants. 
A lot of 14 two-year-old grafted Stayman Winesap trees were sorted 
from storage at a Missouri nursery. All these trees bore overgrowths at the 
union, from which an abundance of fibrous roots developed. Only one 
overgrowth gave rise to fleshy roots. The galls in eight trees occurred at 
the tip of the scion lip, in four at the tip of the stock lip, and in two they 
arose from the side of the union. With the exception of one smooth sur-
faced gall at the side of the union, all were wrinkled. They varied in size, 
averaging three-fourths inch in length, one inch in width and one-half inch 
in elevation from the union. In consistency the large galls were soft in 
texture to a depth of one-half inch, with the deeper tissues hard and woody. 
One small gall, measuring one-half inch in diameter and one-fourth inch 
thick, was soft throughout. Colonies resembling Ps. tumefacien.s developed 
in plates from nine of the overgrowths. These were streaked upon potato 
dextrose agar and inoculations made from subcultures into young tomato 
plants. Galls developed on the tomato plants inoculated from subcultures 
from four of the overgrowths. The overgrowths yielding the crown gall or-
ganis;m all developed at the end of the scion lip. One gall was soft in tex-
ture throughout, while tlie other three were soft to a depth of about one-
half inch, with the deeper tissue woody. All bore abundant fibrous roots 
and the surface of the galls was :6.nely convoluted. 
A lot of 20 trees of mixed varieties was received from an Iowa nursery. 
These consisted of Gano, Baldwin, Ben Davis and Wealthy, altho indi-
vidual trees were not marked with the varietal name. The overgrowths 
occurred as follows: 11 at the end of the scion lip, 4 along the side of the 
union, 3 on the stock below the union and 1 each at the base of a lateral 
root from the scion lip and 3 inches above the union on the scion. Two 
galls were partially decayed and from five no roots developed. The surfaces 
of all those showing fibrous roots were slightly wrinkled or presented a 
granular appearance. None was extremely hard for a depth of one-quarter 
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inch; but in general the deeper tissues were woody. In two of the trees 
the overgrowth was flattened, granular and extended along the entire side 
of the stock lip, from which clusters of fibrous roots arose. These were 
typical of hairy root as described by Stewart, Rolfs and Hall (1900). Colo-
nies resembling Ps. tumef aciens developed in plates from 13 overgrowths. 
Inoculations into tomato plants resulted in galls in five cases. Similar in-
oculations from the macerated tissue resulted in gall formation from the 
same overgrowths, showing positive results for the cultures. 
Twenty trees were received from the storage of a Nebraska nursery. 
These were two-year cutbacks of an unnamed variety (probably Yellow 
Transparent). In 18 of the trees the galls occurred at the tip of the scion 
lip and in the other 2 at the end of the stock lip. They were finely granular 
in appearance, with fibrous roots, except in two cases in which roots were 
absent. They varied in size from one-half by three-quarters by one-half 
inches to one and one-half by three-quarters by two inches. In four cases 
the overgrowth appeared to have developed as a result of breaking the stock 
in planting the graft. The crown gall organism was recovered from five 
galls, four of which occurred probably from infection of the wound made 
in breaking the stock in planting and one at the tip of the scion lip en-
circling three-fourths of the union. Suspected colonies of Ps. tumef aciens 
developed in seven plates, but inoculations from two of them were nega-
tive. Eight of the plates remained sterile after 18 days incubation at room 
temperature. 
The results of the isolations from 85 trees from four nurseries in three 
states show that the crown gall organism was recovered in 16 cases or from 
18.7 percent of the overgrowths. 
In summarizing the results of all the trials, employing both methods 
of isolation, we find that Ps. tumef aciens was present on 23 of the 196 over-
growths studied. The results obtained from the lot of 21 trees from a 
Nebraska nursery showing 76 percent infection are not included, since 
they were especially selected from known infested soil. In the early studies 
of 1924 and 1925, a lower percentage of positive isolations was obtained as 
compared with those of 1926. This can be accounted for to some extent 
by the difference in varieties of trees employed; variation in weather con-
ditions from year to year affecting heavier soil infestation in certain of the 
nurseries from which the trees were obtained; and finally, to some extent, 
the difference in isolation technique employed. 
The results obtained from all these studies are in substantial agree-
ment with those of Riker and Keitt (1925a), (1925b), and show that Ps. 
tumefaciens is present in a comparatively small percentage of the trees dis-
carded at the nursery because of overgrowths at the union. 
Although as shown by Smith (1911), (1920), Ps. tumefaciens is more 
difficult of isolation than many other plant pathogens, the fact that from 
one lot of apple trees grown on soil probably infested, the crown gall bacte-
ria were recovered in 76 percent of the trials, suggests the absence of infec-
tion in a majority of the 196 overgrowths studied and points to some other 
factor as the cause of the excrescences. In this connection the following 
statement of Melhus (1926) seems significant, "that we have in the past 
confused excess callus, called hard gall, with true crown gall; and non-
pathogenic hairy root with pathogenic hairy root cannot be doubted.'' When 
one considers all the facts, it seems quite probable that under the vadal}le 
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conditions in the nursery, the trees showing true crown gall would not 
reach a greater number than 15 to 20 percent as an average. It is shO\V11 
that from large numbers of such discards, lots of trees can be selected which 
show a high percentage of crown gall infection. In the isolation studies, 
the overgrowths on 155 of the 196 trees bore an abundance of fibrous roots 
typical of Hedgcock's (1910) woolly knot form of malformation. The 
crown gall organism was recovered from 16 of the trees showing this type 
of overgrowth. It is evident from these results that the presence of an 
abundance of fibrous roots arising from an overgrowth cannot be regarded 
as evidence of the presence of the crown gall organism. 
Since the isolation studies on galled trees showed that the presence of 
fibrous roots from an overgrowth could not be relied upon as an index of in-
fection by the crown gall organism, it seemed advisable to make similar 
studies on apple seedlings showing the development of fibrous hairy roots 
in an effort to determine the connection between this type of abnormality 
and crown gall. 
Isolations were made, therefore, from 50 seedlings, typical of the hairy 
root condition previously described, employing potato dextrose agar. Tis-
sue, including about 1 millimeter of the fibrous root, was taken from be-
neath the cluster of roots. At the same time similar isolations were made 
from single fibrous roots on 23 normal seedlings. From 42 of the hairy 
root seedlings dilution plates failed to show colonies resembling the crown 
gall organism. In the remaining eight, a few wet shining, circular, almost 
translucent colonies appeared. These were streaked and inoculated into 
young tomato plants. At the same time inoculations were made from the 
suspensions of crushed tissue used in making the plates. Control isolations 
were made from crushed tomato galls. None of the hairy root or normal 
seedlings yielded the crown gall organism, while Ps. tumef aciens was re-
covered in every trial from the infected controls. The results of these trials 
suggested that the fibrous type of hairy root on seedlings is not a mani-
festation of crown gall infection. Further data bearing on the cause of this 
abnormality were obtained under controlled field conditions. 
THE DEVELOPMENT OF OVERGROWTHS AND HAIRY ROOT IN THE 
ABSENCE OF PS. TUMEFACIENS 
The isolation studies on piece-root grafted trees discarded at the nurs-
ery because of overgrowths at the union showed first, that in a majority of 
cases Ps. tiimefaciens was absent and, second, that the gall commonly oc-
curred at the basal end of the scion or tip of the scion lip. This led to at-
~empts to induce such overgrowths in the absence of the crown gall organ-
ism. 
OVERGROWTHS 
First attempts were made to induce overgrowths on scion wood cut 
under aseptic conditions and stored in 'steamed soil. A lot of Wealthy scions 
was disinfected with a solution of mercuric chloride 1-1000 for five minutes, 
cut into suitable lengths with a flamed knife and the basal ends of the 
pieces cut as in grafting. These were buried in sterilized sand in the green-
house in April, 1926. In two weeks time the white callus tissue, finely con-
voluted in appearance, had developed from the cambial layer. Two to three 
weeks later an abundance of this tissue had developed, especially at the ex-
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treme tip of the cut. At this point a knob of white granular tissue, in some 
eases as large in diameter as the scion, had formed. This knot had the ap-
pearance of small overgrowths frequently found at the tip of the scion lip 
on one-year grafts in the nursery. Typical specimens of the callused scions 
about one month old are shown in plate 3, fig. A. 
This growth suggested that, in the case of loosely wrapped grafts or 
those in which the cambial layer of the scion lip cut to a thin tip, e:x;-
tended beyond the cut on the stock, similar overgrowths might be due to 
excess callus. In order to test this hypothesis a second lot of grafts was 
made under aseptic conditions using Wealthy scions. This variety was 
selected because of the high percentage of trees discarded in the nursery 
showing overgrowths at the union. Before cutting the stocks or scions they 
were dipped five minutes in a 1-1000 solution of mercuric chloride. The 
knife was dipped in alcohol and flamed before making each cut. The bench 
was also disinfected with the mercuric chloride solution. 
Two types of grafts were made: 30 in which the stock and scion fitted 
perfectly and 45 in which the thin tip of the scion lip extended about three-
sixteenths of an inch beyond the cut on the stock, exposing the cambium 
layer at this point. The grafts were stored three months in new shingle 
tow and planted out of doors in a wot of soil, steamed 45 minutes at 90 
pounds pressure. 
Six weeks after planting, a wound was made with a flamed scalpel in 
the scion above the union in the perfectly fitted grafts. At the end of the 
season, out of 14 growing grafts, 11 had developed a conspicuous over-
growth at the point of wounding. In the other three the wound had healed 
leaving only a flat scar. Of the second type, 29 grafts grew and in every 
case showed a well-developed overgrowth at the tip of the scion lip. Trees 
showing these overgrowths and typical of the lot are shown in plate 3, fig. B. 
Isolations were made from five of the wound overgrowths produced on 
the trees grown from perfectly fitting grafts. No colonies resembling Ps. 
turnefacien..~ developed on the plates. The plates, however, were flooded and 
the .suspension inoculated into tomato plants. Likewise, suspensions of the 
macerated tissue from these overgrowths were also inoculated into tomato 
plants. All inoculations were negative. 
In a similar manner isolations were made from the overgrowths aris-
ing at the tip of the scion lip in five trees grown from grafts made with 
the overlapping scion. Inoculations from suspected colonies of the crown 
gall organisms and from suspensions of the macerated material failed to 
produce gall, on young tomato plants. At the same time isolations were 
made from galls on five one-year-old apple trees and from one tomato plant 
produced by artificial inoculation. Two of the apple galls were partially 
decayed, but from the other three and from the tomato gall Ps. turnef acien.~ 
was recovered. 
Although only a few grafts were employed in these trials, the results 
obtained appear significant and are in accord with those reported by Keitt 
(1925), in which overgrowths were induced at the scion tip of aseptically 
made scion cuttings and grafts planted in sterilized soil in the greenhouse 
and also upon two-year-old apple trees by certain types of wounding. 
The absence of Ps. tumefaciens in cultures from the overgrowths at the 
union of piece-root grafted trees discarded at the nursery, and the readi-
ness with which similar malformations could be induced under aseptic 
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eonditions on certain varieties such as the Wealthy, coupled with the tend-
ency of these varieties to show similar malformations in the nursery, all 
point to the conclusion that such excrescences were not entirely due to crown 
gall infection, but, in many instances, to the development of excess callus 
incident to the grafting process. 
HAIRY ROOT DEVELOPMENT IN STEAMED SOIL 
Observations in February, 1925, on over ten thousand unsorted seed-
lings showed that fibrous hairy root was the type of malformation most 
commonly found. Typical specimens are shown in plate 4, fig. A. The 
negative results of the isolation studies and the prevalence of the fibrous 
form of hairy root on seedlings grown under various soil conditions sug-
gested that this type might be the result of environmental conditions or an 
inherent tendency of the seedling itself, rather than infection by the crown 
gall organism. An attempt was therefore made to induce the fibrous form 
of hairy root on apple seedlings in the absence of Ps. tumef aciens. 
During the season of 1925• several thousands of seedlings from disin-
fected seed were grown under field conditions in steamed soil and counts 
were made at digging time on the amount of hairy root present. In addi-
tion, seed similarly treated and untreated was planted in ordinary field 
soil. The field where the experimental plots were planted had grown apple 
seedlings in 1890, 1891, 1904 and 1924. A strip of land 10 feet wide and 
110 feet long was thoroughly steamed by the inverted pan method, using a 
pressure of 90 pounds per square inch for 45 minutes. This strip was sur-
rounded by boards 12 inches wide, divided into five plots and planted to 
··French apple seed previously disinfected by dipping in mercuric chloride 
solution 1-1000 for five minutes. The plots on the steamed soil were treated 
as follows: 
Plot I. The seedlings were wounded just beneath the surface of the soil 
with a disinfected knife. 
Plot II. The seedlings were treated as in plot I, but the wound was 
smeared with a culture of Ps. tumefaciena. 
Plot III. Each seedling was wounded as in plot I. The soil was then 
infested with Pa. tumefaciens by pouring nine gallons of a water suspension 
of the organism along the rows at the base of the stem of the seedlings. 
Plot I.Y. The seedlings were not wounded, but the soil was infested as 
in plot III. 
Plot V. Check. The seedlings were not wounded aud the soil was not 
infested with the crown gall organism. 
A strip 2 feet wide was left between the plots in which the seedlings 
were used as guard rows, but not included in the counts. This separation 
of the plots seemed safe, since in other experiments on grafts in the open, 
infection was not communicated from the inoculated to wounded uninocu-
lated g:rafts six inches apart. In only two cases was an infected seedling 
found in the guard rows. In these, they were wounded plants within two 
inches of the inoculated seedlings. 
The seedlings were hoed before any soil treatments or inoculations 
were made. The hoe and the workman's shoes were disinfected with mer-
•These experiments were carried out at the nursery of .J. H . Skinner an<J Company, 
Top~ka. Kan. Th'3 writer wishes to express his thanks for the cooperation which 
made this work possible. 
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curie chloride. No further cultivation was given. The infestation of the 
~oil with Ps. tumefaciens and inoculation of the seedlings were made on 
June 29 and the plots harvested on Nov. 11, 1925. 
The data obtained from these plots are presented in table I. In this 
and subsequent tables the term ''woolly knot'' is employed to designate 
that form of hairy root associated with true crown gall. The term "fibrous 
hairy root" designates the production of an abundance of fine roots arising 
in clusters from any point along the main root in the absence of any 
swelling or overgrowth. 
TABLE I. HAIRY ROOT ON APPLE SEEDLINGS ON INFESTED AND NON-
INFESTED STEAMED SOIL. 
ota form form I T 11 
Clean I Woolly knot I Fibrous 
No. No. Percent No. Pct. - No. Pct. 
Plot I 
79.89 0 0 I 76 21.11 Seedlings wounded, not inoculated ... 360 284 Plot II 
1s:18 Seedlings wounded, inoculated directly 710 555 65 9.151 90 12.67 Polt III 
Seedlings wounded, soil infested ... .. 690 616 89 .27 4 0.59 70 10.14 
Plot IV I I Seedlings not wounded, soil infested . . 774 697 90.05 o• 0 77 9.95 Plot V. Check I 
Seedlings not wounded nor inoculated, 
soil not infested ........... . ........ 1482 1366 92.18 0 0 I m I 7.82 
•Gall on one plant; no halry root 
Summary of Table I. 
From these data it is evident that in no case was the woolly knot form 
of hairy root, associated with true crown gall, obtained, except by actual 
inoculation of the seedings or infestation of the soil, by Ps turnefaciens. 
On the other hand, the fibrous type of hairy root was found consistently in 
all plots, either in the presence or absence of the crown gall organism. 
There appears to be little increase in the amount of fibrous hairy root in 
seedlings inoculated with Ps. tumefaciens as compared with those not in-
oculated and ·grown in non-infested soil. In plot II, 12.6 percent of the 
in-0culated seedlings showed fibrous hairy root, while in plot V, without 
inoculation or soil infestation, 7.8 percent we:re affected. The highest per-
centage of hairy root, 21.1, was shown on the wounded seedlings on non-
inf ested soil in plot I. 
In the infested soil plots, III and IV, there was little difference shown 
in the wounded and unwounded seedlings. The percentage of wounded 
seedlings affected was 10.1 and of unwounded, 9.9. In plot IV, in which 
the soil was infested but the seedlings were not wounded, the woolly knot 
form did not occur, but a gall in the absence of hairy roots was found in 
one case. It is possible that when the seedlings were hoed, just before in-
festing the soil, they were wounded or a wound may have resulted from 
insect injury, thus providing a place of entrance for the crown gall organ-
ism. The amount of the woolly knot form of hairy root in plot II also in-
dicated that the seedling roots \rere not readily infected under the field 
conditions of 1925, even by direct inoculation into a wound. 
On the east side of the steamed soil plots there were five rows of seed-
lings in -µnsteamed field soil, grown from French seed disinfected with 
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mercuric chloride solution. The seedlings in two rows, plot VI, were 
wounded, while in the other three rows, plot VII, they were unwounded. 
The soil was not artificially infested with Ps. turnefaciens. The data from 
these plots are presented in table II. 
TABLE II. HAIRY ROOT ON SEEDLINGS FROM DISINFECTED SEED ON 
UNSTEAMED SOIL. 
I Total l Clean I Woolly knot! Fibrous No. form form 
No. Pct No. P ct No Pct 
Plot VI I I 15.29 Seedlings wounded, soil not Infested . . 327 269 82 . 26 8 2.451 50 
Plot VII I I Seedlings not wounded, nor soil I 
Infested .. . ..... . ... . . . . .... . . ... . ... 62{ 575 92 .14 4 0 . 641 45 I 7 .22 
As shown in table II, the woolly knot form of hairy root was found 
both on wounded and unwounded seedlings in unsteamed soil. This soil 
had previously grown four crops of seedlings, the last one in 1924. In the 
wounded, 2.4 percent, and in the unwounded seedlings, 0.64 percent were 
affected with the woolly knot form of hairy root. Thus by wounding, four 
times as many seedlings were affected. On the west side of the steamed soil 
plots were 20 rows of seedlings grown from French seed. The seed W'as 
not disinfected and the unstea.med soil previously had grown four crops 
of seedlings. 
The soil and seedling treatments in this plot were made June 29, 1925, 
as follows: 
Plot VIII. Seedlings wounded and soil immediately infested with Ps. 
tumefaci ens. 
Plot IX. Seedlings not wounded and soil infested. 
Plot X. Seedlings wounded, soil not infested. 
Plot XI. Check. Seedlings not wounded and the soil not infested. 
The seedlings were examined and counts made on the numbers affected 
with hairy root. These data are presented in table III. 
TABLE III. HAI-RY ROOT ON SEEDLINGS FROM NON-DISINFECTED SEED 
ON UNSTEAMED SOIL. 
I Total I Clean IWooUy knot I Fibrous No. ------ form form 
No P ct No Pct No Pct. 
Plot VIII 
0.241 
I Seedlings wounded, soil lnfe.eted . ... . 405 361 89 .13 1 43 10 .63 
Plot IX 
Seed.lings not wounded, soil Infested 344 321 93 . 31 1 0 .291 22 6.40 Plot X 
Seedlings wounded, soil not Infested 1226 1133 92.41 3 0.24 90 7 . 35 
Plot XI. Check I I Seedlings not wo11nded, soil not Infested .. . .. . ... .. ....... . ...... . ... 1127 1019 90 .43 3 0.261 105 9 . 31 
The results obtained in plots VIII and IX show that little infection took 
place on the wounded seedlings where the soil was infested immediately 
thereafter by applying a suspension of the crown gall bacteria. This was in 
contrast with the results, given in table I, where the direct inoculation into 
the wounded seedlings on plot II gave approximately 9 percent infection. 
It is also seen that the amount of infection on unwounded seedlings 
in infested soil was quite negligible. The percentage of the fibrous type 
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of hairy root varied little for the different plots. If we concede that this 
soil was already uniformly infested from the four previous seedling crops, 
the comparatively constant percentage of the fibrous form of hairy root 
found in the plots artificially as well as naturally infested indicates that 
there was probably no relation between this type of abnormality and crown 
gall infection. 
The development of the woolly knot form of hairy root, almost entirely 
from direct inoculation of the wounded seedlings, indicated that this form 
is an infection. The occurrence of the fibrous form under all conditions of 
the experiments also indicated that this form of hairy root was not an in-
fection and may be the result of environmental conditions or some inherent 
character of the seedling. 
LONGEVITY OF PS. TUMEFACIENS IN THE SOIL 
Cultural studies of galled apple trees taken from a field in which 
severely infected roses had been dug two years previously indicated that 
the crown gall organism lived over in the soil for a considerable period of 
time. Riker (1922) states that the crown gall organism retains its viability 
after a year in sterilized soil. Reddick and Stewart (1924) have shown 
that Ps. tumefaciens remains viable in moist sterilized loam and quartz for 
a period of 195 days. With the exception of a brief note (Muncie 
(1926b)) so far as the writer is aware, no data are available on the longevity 
of the organism in unsterilized soil. An attempt was made, therefore, to 
determine how long the organism might remain viable and retain its viru-
lence in the soil, in the absence of susceptible host parts and in competition 
with other soil organisms. 
Methods 
A series of 6-inch pots filled with unsterilized composted greenhouse 
soil was infested with a four-days-old culture of Ps. tumef aciens. The in-
oculum was prepared by diluting 50 c.c. of peptone dextrose culture to one 
liter with sterile distilled water. After thoroughly moistening the soil, 80 c.c. 
of the bacterial sruipension were poured upon it. The pots of infested soil 
were allowed to stand two hours, then lightly watered to insure the pene-
tration of the bacteria into the soil. 
Succulent young tomato plants, 6 inches in height were transplanted, 
after the soil was washed from the roots, into the infested soil. Inocula-
tions were made after the plants had recovered from the effects of trans-
planting, usually within three or four days. 
The following method of inoculation was employed. The soil was dug 
away from the crown of the plant to a depth of one-half inch and the stem 
thus exposed was smeared with the infested soil. Needle pricks into the 
plants were made through the infested soil, which was carried into the 
wound. The soil was then replaced, insuring sufficient moisture to prevent 
drying out of the wound. Healthy plants in non-infested soil were similarly 
wounded as controls. Except when otherwise stated, six plants were grown 
in infested soil and the same number held as controls in non-infested soil. 
After conspicuous galls had been formed, the infected plants were removed 
an·d the soil thoroughly stirred. Other healthy plants were reset in the pots 
and inoculated in the same manner. 
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Results of Inoculations. 
Two lots of infested soil were employed, one receiving the bacterial 
suspension Nov. 11, and the other Dec. 21, 1924. Inoculations were made 
at intervals from Dec. 23 to April 3, 1925, covering a period of 102 days. 
The results of the inoculations of infested soil into tomato plants are 
presented in table IV. 
TABLE IV. LONGEVITY OF PS. TUMEFACIENS IN NON-STERILI·ZED SOIL. 
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1 All plants rotted at point of Inoculation. 
• Three plants rotted and one dead. 
•All plants rotted at point of Inoculation. 
plants Inoculated control I Number I Number I Number Inoculated plants plants 
Infected Infected 
6 6 I 6 6 6 6 
6 0 6' 
6 2 6 
6 0 0' 
6 1 6 
6 1 6 
6 0 6' 
6 6 I 6 
l!l 3 I 6 l 12 3 I 0 
The results of inoculations clearly show that Ps. tumef aciens W'as viable 
and pathogenic after remaining in non-sterilized soil for a period of 102 
days. After four days in the soil there was a decrease in the number of 
infected plants. This may have been due to smaller numbers of the patho-
gen in the soil due to leaching, or to the inhibitory effect of the other organ-
isms in the non-sterilized soil. From the above data this cannot be deter-
mined. However, it will be noted that rotting occurred at the point of 
puncturing in all the plants inoculated Dec. 30 and that no galls were 
formed. In this experiment, the lack of gall developme11t suggests that rot-
producing organisms may so affect the host plant that the growth of Ps. 
tumefaciens is inhibited. Similar negative results were obtained from the 
inoculations of Dec. 30, using soil infested Nov. 11 with the same strain 
of the organism. Inoculations from this lot of soil on Jan. 5, however, re-
sulted in 100 percent infection, showing that lack of infection in the pre-
vious inoculations was not due to the absence of viable, pathogenic, crown 
gall bacteria. 
Robinson and Walkden (1923) have shown that large numbers of Ps. 
fomef aciens occur on the surface of primary galla on Chrysanthemum 
frutescens. It seemed possible that the pathogen might be washed from 
the tomato galls in watering, thus re-infesting the soil after each series of 
inoculations and prolonging the apparent period of viability in the soil. 
A second series of trials on the longevity of the organism in the soil 
was made, eliminating this possible source of error. 
In these trials, inoculations were made with infested non-sterilized 
and sterilized soil. The same strain of Ps. tumef aciens was employed here 
as in the previous experiments. Two types of soil were employed, namely, 
greenhouse compost rich in humus and a medium heavy clay. The soil was 
infested by thoroughly wetting it with a ·suspension of the crown gall organ-
ism made from 150 c.c. of a three-day-old peptone dextrose culture and an 
A STUDY OF CROWN GALL 83 
equal volume of setrile distilled water. The flask oi sterilized soil, 64 days 
after infestation, became contaminated with a mold. This gradually devel-
oped until it had spread throughout the soil in the flask. Sterilized and 
non-sterilized soil not infested was thoroughly wet with sterile wat~r to be 
used in control inoculations. The compost was infested Jan. 12, 1926, and 
the clay soil on Feb. 25. Inoculations were made by needle pricks into the 
succulent parts of the plants for a distance of about one inch along the 
stem. The inoculum was prepared by making a thin paste of the soil in 
sterile water. This wa,s then smeared upon the upper portion of the stem 
and pricked into it with a sterile needle. 
In each trial plants were inoculated with the infested and non-infested 
soils. As a check on the splashing of the pathogen from the inoculated 
plants, additional healthy plants were pricked with a sterile needle and 
placed between those inoculate<;}. The results of inoculations into healthy 
young tomato plants are presented in table V. 
TABLE V. RESULTS OF INOCULATION OF INFESTED GREENHOUSE SOIL 
INTO HEALTHY TOMATO PLANTS. 
Date Number Number Infected plants from Inoculation with: 
Number plants Non-Ster-
days lnocu- Non-ster- Sterilized lllzed Sterilized 
Inocu- Exam- organism la ted llized Infested non-in- non-in_ Sterile 
lated lned In soil with Infested soil fe~ted tested needle 




2- 2 1 5 6 5 0 0 I 0 
1-14 2- 2 2 5 5 6 0 0 I 0 1-18 2-18 6 5 5 5 0 0 0 
1-21 2-18 9 5 5 5 0 0 I 0 
2- 3 
I 
2-24 22 5 5 5 0 0 I 0 
2-18 3- 6 36 5 5 5 0 0 ! 0 2-24 3-10 43 5 5 5 0 I 0 0 3- 1 3- 22 47 5 5 5 0 0 0 3-11 I 3-30 58 5 5 5 0 0 I 0 3-17 4- 2 64 5 5 5• 0 I 0 I 0 3-26 4- 6 73 5 5 5 0 0 I 0 
4- 2 4-23 80 5 3 4 0 0 I 0 
4-10 4- 29 88 4 4 3 0 0 I 0 
4-20 5-12 98 5 4 2 0 0 I 0 5- 3 6- 8 110 5 3 0 0 0 I 0 6-17 7-14 154 5 3 0 0 0 I 0 
•A mold found growing In the flask of Infested sterilized soil on this date. 
The results of the inoculations show that Ps. tumef aciens remained 
viable and retained its virulence on tomato after 154 days in non-sterilized 
greenhouse soil rich in humus. 
Sixty-four days after infesting the sterilized soil, the culture became 
contaminated with a mold. As shown by the results of inoculations, the 
development of the mold in the culture was associated with a decrease in 
the number of plants showing infection. After the mold had grown for 46 
days the culture of Ps. fomefaciens was no longer infective, indicating that 
the crown gall bacteria were not viable. 
After 80 days in non-sterilized soil it was evident that there was a de-
crease in the number of plants showing infection. The galls produced were 
also smaller in size. At times during these periods of gall development, the 
temperature of the greenhouse was often relatively high, 25°-30° C., and 
the inoculated plants were exposed for several hours to direct sunlight. As 
shown by Riker (1925), at air temperatures of 28°-30° C., only small galls 
are formed, and above 30°. C. no galls were produced from pure culture in-
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oculations. Although only small galls were formed as a result of inoculations 
with infested soil, they w<ere caused by the crown gall organism and not 
due to callus formation as a result of the inoculation wound. Isolations 
from such galls and reinoculation into tomato plants yielded typical galls 
as shown in plate 4, fig. B. 
Similar trials were made with infested non-sterilized clay soil. Ten 
plants were inoculated and five plants pricked with a sterile needle as con-
trols. The soil was infested Feb. 25, 1926, in the same manner with the 
strain of Ps. tumefaciens used in the previous trials. The results of these 
trials show that the crown gall bacteria were still viable and virulent on 
three out of ten tomato plants 122 days after soil infestation. The plants 
in this series were inoculated at the same time and remained under condi-
tions identical with those in which infested compost was employed. 
As shown in table V, only a few galls were produced after the inocu-
lations of April 20. The results of the inoculations on April 20 and after 
were attributed to the high temperature in the greenhouse rather than to 
the dying out of the pathogen. In the infected plants the galls from the 
inoculations of April 20 were small in size as compared with those in former 
trials. The pathogen was recovered from these small galls and when inocu-
lated into healthy tomatoes under shaded conditions (glass of greenhouses 
coated with green paint) produced typical large galls. No galls were pro-
duced on any of the control plants during either series of inoculations. 
These results show that Ps. tumefaciens can remain in the soil for a 
considerable period of time without loss of virulence and, under favorable 
conditions, will produce typical galls on susceptible hosts. 
II. THE PATHOLOGICAL EFFECTS OF CROWN GALL ON APPLE 
AND PEACH TREES 
The extent of the injury caused by overgrowths on the apple, whether 
due to crown gall or callus formation, has been a perplexing question for 
many years and there is little experimental evidence in support of the views 
of many investigators. Most of the early studies were observational in 
nature and made prior to the discovery of the causal organism of the dis-
ease. The literature of this period will not be reviewed here since it is fully 
summarized by Smith, Brown and Townsend (1911) and Hedgcock (1910). 
Probably the first careful investigation of the pathologic effect of 
overgrowths on apple trees under nursery and orchard conditions was that 
of Hedgcock (1910). Although the cause of the overgrowths was not deter-
mined, he found: first, that relatively large galls encircling the one-year-old 
seedling root caused a perceptible stunting of the plant; second, that there 
was an average reduction of 3.7 inches in the height of the galled one-year-
old trees and 5.1. inches for the galled two-year-old trees; third, that there 
was a reduction of 0.51 inches in trunk diameter for the galled trees after 
eight years in the orchard in comparison with normal trees of the same age. 
Later, Swingle and Morris (1918) measured trunk circumference of 
eight varieties of apple trees after eight years in the orchard and found a 
reduction of 1.58 inches for the galled trees. 
Greene and Melhus (1919) measured trunk diameter, twig length and 
twig weight on Jonathan and Wealthy apple trees after four seasons in the 
orchard. The reduction in trunk diameter for the galled Jonathan trees 
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was 11.3 percent, while for the Wealthy trees it was 21.7 percent, as com-
pared with healthy trees of the same varieties. There was also a reduction 
of 25 percent in twig length and 37 percent in twig weight of the galled 
Wealty trees. The galled Jonathan trees showed a reduction of 33.4 per-
cent in twig length and 42 percent in twig weight. 
Reddick and Stewart's (1924) observations on a small experimental 
orchard of budded apple and peach trees led to the conclusion that crown 
gall ''is not a factor in the growth and development of either apple or 
peach trees.'' The fact that their observations on the apple were based 
upon a few trees of eight varieties, coupled with the variation in reaction 
of the individual to infection, would seem to render this conclusion inap-
plicable except under local conditions. 
The question arises as to how the injurious effects · of crown gall are 
produced. 
That injury results from the abstraction of food materials and water 
by the rapidly developing ·gall tissue is stated by Smith, Brown and Town-
send (1911), who also suggest the possibility of toxic substances, secreted 
by Ps. tumef aoiens, or saprophytic forms within the gall, being absorbed 
by tissues remote from the gall. On the other hand, Woodworth (1892), 
Tourney (1900) and Swingle and Morris (1918) all suggest that the pres-
ence of a gall causes an obstruction to the upward sap flow thru the tree. 
If a gall at the union of root-grafted apple trees interferes with conduction, 
may not an imperfectly fitting graft have a similar effect T This question 
led to a consideration of the practices of root-grafting and of cutting back 
the yearling trees as to what might be their relation to the conduction of 
water and mineral nutrients through the tree. 
This brief review points out that previous studies on the effect of over-
growths have been made on apple trees set in the orchard with varying 
degrees of infection. It cannot be denied that such data are extremely 
valuable, but it is also obvious that a long period of time would be required 
to accumulate a sufficient amount to estimate accurately the injury to the 
tree. 
Such being the case, an attempt was made to devise some other method 
by means of which the probable injury caused by overgrowths and hairy 
root formations could be measured more accurately and rapidly. Early 
trials were made (Muncie &nd Berkhout 1925) in which a safranin solution 
was passed by means of a mercury manometer through galled and normal 
apple specimens. These showed that the passage of stain through the galled 
specimens was considerably retarded and also that the stain did not appear 
on the cut surface of the specimen above the overgrowth, showing interfer-
ence to upward conduction. After a considerable a.mount of preliminary 
work, the rate of water flow was selected as the one function of the tree 
which might indicate its probable response under normal conditions in 
the field. 
In this section are presented the results of studies on the rate of water 
flow in four varieties of apple from 1 to 13 years old and in four varieties 
of two-year-old ·peaches. Before presenting the data on water flow, it is 
deemed advisable to describe the trees used and the apparatus and methods 
employed in securing these measurements. 
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MATERIALS AND METHODS 
Fliiometer. 
A laboratory method was developed for the quantitative tests on water 
flow interference with upward conduction. The apparatus, designated a 
"fluometer," and the method employed, previously described by Melhus, 
Muncie and Ho (1924), consists essentially of a filter pump attached to a 
graduated burette into which water is pulled through the specimen and ac-
curately measured. The period of suction in each case was five minutes. 
In the measurements of rate of water flow, as given in tables VI and 
IX, air in the vessels was removed by a preliminary period of suction at a 
reduced pressure equivalent to 72.5 to 74 cm. of a mercury column for 
five minutes. This high pressure made it difficult always to prevent leak-
age around the connections, as well as to insure total removal of the air. 
Since a lower pressure obviously would minimize this error, a modification 
of the method was used in later tests. 
Knowing from the work of Dixon (1914) that the transpiration cur-
rent is equal to a velocity of flow created by a pressure head twice the per-
pendicular length of the specimen ( 15 centimeters), a negative pressure 
equivalent to 30 cm. of a mercury column was employed. The removal of 
the air was accomplished in much the same manner as that described by 
l!,armer (1918), i. e., the specimens, after being cut under water, were 
placed in air free water and subjected to vacuum treatment. The removal 
of the air from the pieces was accomplished as follows : 
The specimens in air free water were placed in a pressure cooker, the 
lid and safety valve of which were sealed with vaseline and paraffine. The 
pressure cooker was then connected with the fluometer by means of pres-
sure tubing wired to the exhaust pet-cock, and the air exhausted. By this 
means the negative pressure, under which evacuation was accomplished, 
was registered on the mercury column of the apparatus. The duration of 
the vacuum treatment was three hours at a reduced pressure equivalent to 
60 centimeters of a mercury column. 
A series of consecutive trials was now made on the specimens so treated. 
To prevent clogging of the vessels, due perhaps to the diffusion of sub-
i;:tances from the cut end of the specimen immersed in water, a fresh cut 
was made between each trial. 'Vhile the readings were not constant for 
every specimen, many of them were, and a great majority checked within 
0.4 c.c. in three cohsecutive trials. This figure was taken as the maximum 
variation in water flow allowable for any specimen in three consecutive 
trials. 
Specimens. 
The specimens employed in these tests were 15 centimeters in length. 
One, two or three specimens were taken from each tree. These will be re-
ferred to respectively as the union, scion and trunk pieces. The union 
piece included the union and equal lengths of root and stem. The scion 
piece, immediately above the union section, is so named because it includes 
the original scion of the graft and the offset in the stem caused by cutting 
back the yearling tree. The trunk piece was taken next above the scion 
piece. Text fig. 1 indicates the portion of the tree from which these speci-





A STUDY OF CROWN GALL 87 
M eas1trement. 
The trees used in the water conduction tests were 
not of the same diameter, hence it was necessary, in 
order to make the results comparable, to establish a unit 
of measure. The greatest and least diameter of the 
upper cross section surface of the specimen were meas-
ured and the average of the two taken as the diameter 
of a circle. From this the area of the cross section sur-
face was determined. The actual amount df water 
pulled through the specimen was then divided by this 
area, giving the flow through one square centimeter of 
surface. 'l'he result obtained per five minute period is 
designated as ''the unit rate of flow.'' The rate of flow 
through the specimen irrespective of its diameter is 
designated as "the actual flow." The area of the cross 
section surface occupied · by the pith, practically the 
same in all cases, WaiS disregarded in the calculations. 
Terms. 
Crown gall or ·gall as here employed refers to an 
exc1'0Scence or overgrowth on the root, union or trunk 
of nursery trees irrespective of the cause. From the re-
sults of cultural and histological studies it was evident 
that some of them were caused by Ps. tumefaciens, while 
others were due to excess callus at the union. Because 
of the treatment given the galled specimens in the meas-
urement of water flow, no attempt was made to separate 
them on the basis of causation. The overgrowths, in 
some cases, were relatively soft and in others hard and 
woody, with a convoluted or smooth surface. Lateral 
roots sometimes arose from the galls, or, as in many 
cases, they were covered with fine fibrous roots. This 
latter condition is ref.erred to in this paper as hairy root. 
Trees. 
The galled ·and healthy trees oi the varieties Jona-
Fig. 1. Diagram 
showing portion of 
tree from which 
s p e c I m e n s em_ 
ployed in tests 
were taken: (a) 
trunk piece; (b) 
scion piece; (c) 
union piece. 
than, Wealthy and Ben Davis employed in the first 
series of fluometer tests were one-year cutbacks, selected from the nursery 
rows during the latter part of April by nursery employees. The apple 
trees employed in the second series of tests consisted of the same varieties 
as the above and were selected by the writer from the sa,me rows, July 4, 
1924. They were "heeled-in" out of doors until ready for study. 
The two-year cutback trees employed in the later trials were obtained 
from two nurseries, one in Iowa and the other in Missouri. The galled 
Wealthy and Salome trees were selected from the discards at digging time 
by Dr. Melhus and the writer because of the large overgrowths at the union. 
The healthy trees of these varieties were number one trees selected by the 
nursery and stored in the nursery cellar until ready for fluometer tests. 
The galled and healthy Jonathan trees were two years old, selected 
by the nursery employees and shipped to us from storage. Galled and 
healthy two-year-old peach trees of the varieties Elberta, J. H. Hale, Car-
man and Salway were secured from a Missouri nursery. The galled trees 
were badly infected ; the galls in general half encircled the stem and in 
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many cases were twice the diameter of the stem. Galled trees typical of 
those employed in the trials are shown in plate I, A and B. 
WATER CONDUCTION IN NORMAL YOUNG APPLE TREES 
In studying the interference with water conduction due to crown gall, 
one of the first considerations was to measure the rate of water flow in 
y<>ung normal piece-root grafted apple trees as they occur in the nursery. 
This study raised the question as to the obstruction caused by the union of 
i;tock and scion and the "offset" caused by the practice of "cutting back" 
after the tree has made one season's growth. 
Attention was first given to the extent of the obstruction caused by the 
union of the stock and scion. This was determined by comparing the rate 
of water flow through the union and trunk pieces of two-year "cutback" 
apple trees of the varieties Wealthy and Jonathan, using the fluometer as 
above described. 
In these tests the specimens were prepared as follows: Trees "heeled-
in'' were brought into the greenhouse and cut into proper lengths as pre-
viously described. Before attaching the specimens to the apparatus, a fresh 
smooth cut was made on both ends of the piece. A preliminary period of 
suction was given each specimen until no bubbles of air arose into the 
burette, indicating that the vessels of the wood were exhausted of air as far 
as possible. In these trials and in the preliminary period of suction a nega-
tive pressure equivalent to 72.5 to 74 cm. of a mercury column was main-
tained, and the duration of the suction was five minutes. Three specimens 
were taken from each tree, namely, the union, scion and trunk pieces. The 
pieces were not cut from the tree until everything was ready for making 
the tests so as to avoid drying out of the wood. The results of these trials 
are presented in the histograph, fig. 2. 
Discussion of Data in Fig. 2. 
In an examination of the data in fig. 2 we find a wide variation in 
the unit flow values (0.8 c.c. to 5.2 c.c.) for trunk-piece specimens of the 
same variety. Such a variation would not appear so striking if it occurred 
in the rate of ft.ow through the union or scion piece, but in the trunk pieces, 
without any obstruction, it emphasizes the extreme variability of trees of the 
same variety and grown under the same nursery conditions. When the fit of 
the graft, vigor of stock and position of the tree in the row are considered, 
the variation in the behavior of the trunk specimens loses its significance 
with regard to the results of these tests. It becomes obvious that in such a 
study a large number of trees must be employed to arrive at any definite 
conclusions. 
The results of the trials on the Jonathan trees show a slight reduction 
amounting to 10.0 percent in the average unit flow through the union as com-
pared with that through the trunk piece. While this difference in percentage 
is not high, if we consider the relative diameters of the two sets of speci-
mens, the results become more significant. In the union pieces the aver-
age diameter is 1.81 cm. and the average unit flow is 2.16 c.c., while with 
an average diameter of only 1.44 cm. the unit flow through the trunk pieces 
is 2.40 c.c. 
In the Wealthy trees a similar condition exists showing a reduction in 
unit flow through the union pi·eces amounting to 47.9 percent. With an ave.r-
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Fig. 2. Histograph 
showing the unit rate 
of water ftow through 
the union and trunk 
pieces of normal two-
year cutback Wealthy 
and Jonatha.n a.pple 
trees. The mean unit 
rate of wa.ter ftow 
Is shown by the solid 
column. Compare the 
data for the union 
pieces with those for 
the galled trees given 
In table VII. 
piece, while through the trunk piece, with an average _diameter of 1.54 cm.; 
the unit flow is 5.18 e.c. 
Supplementary tests were made to show the effect of the union and of 
cutting back upon water flow. For these additional tests, however, younger 
trees were studied. Healthy trees of each of the varieties Wealthy, Jona-
than and Ben Davis, one and one-half year cutback trees, were employed. 
The trees were dug in April, 1924, and ''heeled-in'' for a period of about 
one week until ready for study. The results of these trials are given in 
the histograph, fig. 3. 
Discussion of Data in Fig. 3. 
Turning to the data on the Wealthy trees, we find that the average 
diameters of the union, scion and trunk pieces are 2.07 cm., 1.71 cm. and 
1.52 cm., respectively. One would expect that the unit rate of flow through 
the piece w-ould be proportional to · the diameter. However, the data show 
the average unit flow for these specimens to be in the reverse order. The 
trunk piece with the smallest diameter had the highest unit flow, 7.55 c.c., 
while the union piece having the greatest diameter had a unit flow Qf only 
90 
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Fig. 3. Hlstograph showing unit rates of w a t er flow through union, s cion and trunk 
pieces of normal one and one-half y ear old cutback 'Vealthy, Jona than and Ben 
Da vis apple trees. The mean unit rates of water flow are shown by the solid 
columns. Compare the rates for the union pieces of these trees with those of 
t h e ga lled trees given in table VI. 
2.81 c.c., the lowest of the three pieces. The unit fl.ow through the scion piece, 
amounting to 2.91 c.c., was slightly greater than that through the union, but 
when one considers the ·greater diameter of the union piece, this difference 
appears significant. The average reduction in unit fl.ow through the union 
and scion pieces, as compared with that through the trunk piece, was 62.8 
and 162.5 percent, respectively. 
In the Jonathan trees the average diameters for the union, scion and 
trunk pieces were 1.65 cm., 1.46 cm. and 1.26 cm., respectively. The unit 
flow through the union piece was 1.34 c.c., the scion piece 1.33 c.c., and the 
trunk piece 2.40 c.c. As in the Wealthy, we find a higher unit flow through 
the trunk piece, although the diameter was smaller, than through the union 
piece. The scion piece, with an average diameter of 0.46 cm. smaller than 
that of the union piece, had a unit flow of 0.01 c.c. less. This slight difference 
in unit flow, representing the average of 10 specimens, does not appear sig-
nificant. In fact, considering the smaller diameter of these pieces, we 
might reasonably expect a greater difference between the two. The effect 
of the union and the offset due to cutting-back the tree is seen in the re-
<luction in unit flow of 44.2 and 44.6 percent when compared with the unit 
flow through the trunk piece. 
The data from the Ben Davis trees are similar to those from the trees 
of the other two varieties. While the average diameters of the union, scion 
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and trunk pieces were 1.80 cm., 1.46 cm. and 1.29 cm., respectively, the unit 
flow through the specimens was in reverse order to their diameters ; the 
trunk piece 3.29 c.c., the scion piece 3.03 c.c. and the union piece 1.88 c.c. In 
this variety cutting back had caused a reduction in the unit rate of flow of 
7.9 percent, but the decrease in unit flow through the union as compared 
with that through the trunk piece amounted to 42.9 percent. 
The effect of the union in piece-root grafted apple trees was clearly 
shown by the reduction in rate of water flow in the varieties tested. As 
would be expected, there was a wide variation in the individuals, which is 
evidenced also in the averages for the different varieties and lots of the 
same varieties. However, if we take the average of 80 individuals of the 
three varieties studied, we find that the unit rate of flow through the union 
pieces was approximately 43 percent lower than that through the trunk 
pieces. The offset due to cutting back the yearling tree caused a reduction of 
TABLE VI. WATER FLOW THROUGH UNION PIECES OF GALLED ONE AND 
ONE-HALF-YEAR CUTBACK APPLE TREES. 
Galled Trees 
· Variety I Tree I Diameter 1 Unit flow numbers cm. c. c. 
Wealthy 15* 1.6 
16* 1.6 
17• 1.6 




23• 1 . 8 
62 2.1 
53 2 . 1 
64 2.2 
I 55 2.1 56 2.0 
I 57 2.4 
) 58 2.2 59 2.3 60 2.2 
A\erage 1.94 








.. 33 2.3 
I 34 2. 1 35 2.2 
I 36 2.1 37 2 . 0 
I 38 2.0 39 2.3 40 2.3 I 41 1.9 
Average 1.94 





49 2 .1 
50 2.2 
I 51 2.1 
Average 2.12 
• Specimens used for sectioning. 
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Description of Gall 
I Height Length I Percent cm. cm. girdling 
2.0 2.5 60 
2 . 5 2.5 
I 
60 
2.0 1.2 251 
2.0 2.5 50 
2 . 5 I 2.0 50' 
Flat 
I 
4 .0 I 50 II 2.5 2.0 .50 1.2 1.2 12.5 Flat 3.5 I 75 
I 
I 3.7 3.7 60 3.7 1.2 601 





3 , 7 1.2 50 
2.0 1.2 20 




2.5 2.0 75 
1.2 2.5 50 
3.7 3.7 75 
2 . 5 2.0 50 
2.5 1.2 25 
I 
1. 2 1.2 25 
Flat 2.5 60 
2.5 1.2 25 
1. 2 2.0 25 
' Two 'A. Inch roots opposite gall 
• Gall on scion above union. · 
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44.6 and 62.5 percent in the unit flow through Jonathan and Wealthy trees, 
respectively, but for the Ben Davis trees it was 7.9 percent. The interference 
due to cutting back was probably induced by the small amount of sap 
wood developed below the offset. In other words, the old scion did not 
grow as rapidly as the new shoot and only a narrow layer of sapwood 
served to supply the parts above it. Cross sections of the respective pieces 
supported this suggestion. 
The significant point brought out in these results and that bearing 
directly upon the problem was the water flow interference in the union. 
Such interference as noted above, in an average of 80 trees of three varieties, 
amounted to 43 percent. In other words, the unit rate of flow through the 
union was only 57 percent of that through the trunk piece where there was 
no artificial obstruction. 
Still another point deserving special emphasis in connection with this 
study of normal trees was the difference in unit rate of flow for the three 
varieties studied. While the extent of healing of the union of stock and 
scion probably accounted to some extent for the differenec in unit flow 
through the union pieces, such could not be the case with the trunk pieces. 
In the case of the Wealthy trees, with an average diameter of trunk 0.1 cm. 
greater than that of the Jonathan, the water conducting capactiy was 
doubled. This ·greater capacity for water flow through the trunk may be an 
important factor in determining the relative growth of the two varieties 
as well as their ability to withstand severe winter conditions. 
EFFECT OF CROWN GALL ON WATER FLOW 
Having studied the water flow in 80 normal apple trees of three vari-
eties, Jonathan, Wealthy and Ben Davis, and having found the average 
rates of flow through the trunk, scion and union pieces to be 4.02 c.c., 2.41 
c.c. and 2.42 c.c., respectively, consideration was given to galled trees, espe-
cially those having galls on the union. Two lots were used, differing slightly 
in age. The first lot consisted of one and one-half year cutbacks of the va-
rieties Wealthy, Jonathan and Ben Davis, and the second lot of two year 
cutbacks of the varieties Wealthy and Jonathan. The results of the trials 
on water flow, using healthy trees of the same varieties as controls, are re-
corded in tables VI and VII and :figs. 2 and 3. 
Discussion of Data in Table VI and Fig. 3. 
On examination of the data from the tests with the Wealthy trees in 
table VI we note a rather wide margin in rate of water flow through both 
the healthy and galled specimens. In the healthy trees the variation was 
from 0.7 c.c. to 6 c.c.; in the galled trees a slightly greater variation exists, 
namely, 0.7 c.c. to 7 c.c. A comparison of unit flow in the galled trees num-
bers 52 and 16 with that of the healthy trees num'bers 73 and 76 showed in 
the case of the galled trees an average unit flow of 0.35 c.c. greater than in 
the healthy trees. It will also be noted that the highest unit flow of 7 c.c. 
for all trees of the variety was in the galled class. The description of the 
trees shows relatively large lateral roots rising from the gall. We also note 
that the gall half encircles the union. These two trees, however, are ex-
ceptions to the general rule in this particular lot, which is evident from the 
averages for the healthy and galled lots as a whole. In this lot the average 
diameter and cross section area of the union piece of the healthy trees is 
about O.l ~;m, 8.nd 0.4 cm. greater than the galled trees. With this small 
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difference in the area exposed to suction, the unit flow of the healthy trees 
was 2.82 c.c., while for the galled trees it was 2.26 c.c. Thus, we find that 
the gall at the union reduced the rate of water flow 19.8 percent. 
In the Jonathan trees there is little difference in actual rate of flow 
in the galled and the healthy specimens. The average diameter of the 
former is 1.94 cm., while that of the latter is 1.65 cm. However, with a 
larger diameter, the unit rate of flow through the galled union pieces is 1.10 
c.c., as compared with 1.32 c.c. for the healthy pieces, a reduction of 16.7 
percent in the galled trees. There is little individual variation in flow in 
the Jonathan trees as compared with the Wealthy. While there are two 
cases in which the actual and unit flow of the galled trees is greater than 
TABLE VII. WATER FLOW THROUGH UNION PIECES OF GALLED TWO· 
































































































































































































• One /r inch and three 'ti inch roots from gall. 
1 One ,,_ Inch and six n Inch roots from &'all. 
Description of gall 
Helgl,lt I Length I 
cm. cm. 
1.2 1.2 I 
Flat 3.7 I Flat 3 .6 
2 .6 2.0 I 
1.2 0.6 I 
2.5° 2.5• I 
1.2 1.Z I 
1.2 2.0 I 
Flat 3.0 I 
1.2 1 .2 I 
Flat 2.5 I 
2.0 1.3 I 
0.6 o.z I 
Flat 2.5 I 
Swollen union 
I Swollen union 
0.6 I 0.7 I 2.6 2.0 I 0.5 0.7 I 
Flat I 2.6 I 1.2 1.3 I 1.2 Z.6 I 
1.2 I 1.2 I 2.5 2.6 0.6 2.0 
1.2 2.0 I 1.2 0.5 1.3 2.0 
1.3 1.2 I 0.6 0.7 I 




2.0 2.0 I 0.5 0.7 I Flat 2.6 1.2 1.5 I 
2.0 2.0 I 1.2 1.2 I 
0.5 0.5 I 2.5 2.5 Flat 3.7 2.5 2.0 I 
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that of the healthy, the average for the entire lot is still less than that for 
the healthy trees. 
In the Ben Davis trees, none of the galled ones shows a higher unit 
flow than the healthy trees. The variations in flow in the galled speci-
mens are from 0.5 c.c. to 2.8 c.c. and for the healthy, from 0.7 c.c. to 3.0 
c.c. The average diameter of the galled union pieces is slightly larger 
than that of the healthy. The average unit flow for the two lots shows 
that with the average diameter, 14 percent greater, the flow in the galled 
trees is 3~.5 percent less. 
Although the reduction in unit rate of flow in the galled Wealthy and 
Jonathan trees is less than that in the Ben Davis, taken as a whole, the 
results show that the gall on the union materially reduces the flow of water 
through the tree. 
While the results obtained from the previous trials show that galls at 
the union of root grafted apple trees caused interference with the upward 
flow of water, a second series of trees was tested by the same method to ob-
tain a better indication of the situation at the time the trees were ready for 
setting in the orchard. In these trials two-year cutback trees of the va-
rieties Wealthy and Jonathan were used. This lot consisted of 25 galled 
and an equal number of healthy trees of each of the a:bove varieties. Unless 
otherwise noted in the table, the galls occurred on the union of the tree. 
The results of these tests are given in table VII and fig. 2. 
Discussion of Data in Table VII and Fig. 2. 
For the galled Wealthy trees we find a greater average diameter (1.95 
cm.) than that (1.88 cm.) for the healthy trees. There was only a slightly 
greater average actual flow, 7.75 c.c., in the healthy trees, as compared with 
7.06 c.c. in the galled trees. However, when placed on a comparable basis 
we find the average unit flow of 2.7 c.c. for the healthy trees to be 12.6 
percent greater than that of the galled trees, which amounts to 2.36 c.c. 
In the case of one galled tree the actual flow (23.6 c.c.) as well as the unit 
flow (7.5 c.c.) is higher than that of any of the healthy trees. In this case 
we note that the gall was flattened and the tree had an abundance of com-
paratively large roots. The effect of such a swelling at the union is so vari-
able that one cannot predict its result upon water conduction through the 
union. 
In the Jonathan trees we find a reverse condition from that occurring 
in the Wealthy trees. Here the galled trees are 0.21 cm. smaller in average 
diameter with an actual flow of 3.23 c.c. and unit flow of 1.64 c.c., as com-
pared with 5.62 c.c. and 1.95 c.c. for the healthy trees. It is difficult to 
make a comparison of behavior between galled and healthy trees since it 
is possible that the development of conducting vessels in the pieces of 
smaller diameter is less than that in pieces of larger diameter. If this were 
true, we could not attribute the lower rate of flow to the effect of the gall. 
On the other hand, it is possible that this retardation in trunk growth might 
be due to the presence of the gall since these trees had the same chance for 
growth in the nursery row as the galled trees. Be that as it may, there was 
a reduction in unit flow of 12.4 percent in the galled trees as compared 
with that of the healthy trees. 'l'he results from these tests confirm those 
presented in table V 111 and show that a gall at the union of two-year 
cutback Wealthy and Jonathan trees reduced the unit flow 12.6 and 12.4 
percent, respectively. 
A STUDY OF CROWN GALL 95 
Further measurements wern made on two-year cutback Wealthy trees, 
using a modification of the previous method. This consisted essentially in 
cutting the specimens from the tree in such a way that the minimum amount 
of air would enter the vessels, allowing a more thorough V·acuum treatment, 
and the employment of a lower negative pressure in suction. The results 
of the trials on healthy and galled trees is pre.'!cnted in table VIII and fig. 4. 
Discussion of Data in Table VIII and Fig. 4. 
The galled trees used in these tests showed an average diameter of 
2.21 cm., while that of the healthy trees was 2.54 cm., an increase of 0.33 
cm. In the galled trees the average actual flow was 14.8 c.c. and 47.94 c.c. 
in the healthy trees; approximately 3.4 times as great. The average unit 
flow of the galled trees was 2.9 c.c. and 9.58 c.c. in the healthy trees, or 3.3 
times that of the galled trees. We note a wide variation in the unit flow 
of the galled trees, which appeared to be associated with the development 
of lateral roots from the gall. Thus in trees 574, 575, 578, 579, 581, 599, 
604 and 605, where there were several relatively large roots from the gall, 
the actual and unit flows were correspondingly greater. An exception to 
this condition, however, was seen in tree number 577, in which, with no 
lateral roots from the gall, the actual flow was 34.4 c.c. and the unit flow 
was 8.3 c.c. This may be attributed to the lack of penetration of the gall 
causing little distortion of the conduction vessels. On the other hand, there 
were many galled trees with several lateral roots from the gall which 
showed a low actual and unit flow. Such cases are seen in trees numbers 





Fig. (. Hlstograph showing unit rnte of water flow 
through the union pieces of normal two-year 
cutback Wealthy apple trees. The mean unit 
rate of water flow Is shown by the solid column. 
Compare with the data for the galled trees 
g·lven In table VIII. 
unit flow may be attributed 
to the effect of the gall over-
balancing the effect of the 
lateral roots in increasing 
the capacity for conduction. 
In other words, the presence 
or absence of large lateral 
roots may not indicate a 
high or low rate of water 
flow. The amount of vascu-
lar distortion or discontinu-
ity is to a large extent the 
determining factor. 
The rate of water con-
duction was not always de-
pendent upon the degree of 
girdling of the union by the 
gall; a higher rate of flow 
sometimes occurred in trees 
completely girdled by a gall 
than in those only partially 
girdled. 
As in the previous lots 
of Wealthy trees studied, the 
gall at the union presented 
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a decided interference with water conduction, causing a reduction in the 
unit rate of water flow amounting to 69.73 percent. 
It seemed desirable to learn whether the effect of a gall on the union 
of other rapidly growing varieties was similar to that on the Wealthy. 
Trees of the variety Salome were selected for making this comparison be-
TABLE VIII. WATER FLOW THROUGH UNION PIECES OF GALLED TWO· 
YEAR CUTBACK WEALTHY APPLE TREES. 
Tree I Diameter I Unit flow Helg"ht 
number cm c c cm. 
Galled trees I Description of Kall 
Length I Percent jRoots from gall 
cm girdling" and diam Inches 
6H 2 . 9 2.0 I 1.6 6 . 0 40 I 2·% :1-%. 675 2.6 6 .7 1.4 4.0 60 0 676 2 .5 4 .6 1.7 3 . 6 110 2·%. 1177 2.3 8 .S 1 .5 •.o 60 I 3·%. 1178 2 . 6 24.8 2 .11 6.0 40 I 4- t\ 679 2 . 7 24 .8 l .Z 3.0 36 2-%.:2·,,. 680 2 .8 6.3 2.6 6.0 60 I 2- -h 1181 2.8 7.0 1.11 3.6 60 I 2·h 582 I 3.1 5.7 z.o 3 . 0 50 I 0 583 Z.2 1.3 Flat 0.0 50 3· %. 684 2.9 1 . 7 2 . 0 4.5 50 I 1-1At 1185 2 . 5 3.1 2 .0 6.6 60 I 2-% 586 2 . 4 0 .6 2.6 4 .0 76 3- f. :1- i,s 587 2 .8 0 . 9 z.o 6 .0 76 1-,,. 688 2 . 7 2 .8 1 . 5 4 .5 25 I 2-1" 689 z.o 1 . 3 2.6 3 .5 30 I 2-%. 590 2 . 7 0 . 4 1.5 6 .0 30 I 2-14 591 1 . 9 0. 4 1.6 4 .0 60 I 3- f. 592 2.1 0 .6 2 .5 4.0 60 0 593 2.9 0.9 0.6 3.6 50 I 0 ~4 2 .8 1.6 1.5 3.2 75 I 0 595 1.8 0 . 2 I 0.5 4 .5 33 0 { 1.0 p·o {50 0 696 2 . 7 2 . 4 1.0 3.0 5  0 0.7 l 2.5 33 0 597 1 .8 1).6 2 . 5 4 .0 100 1C%:l• h 
698 2 .4 2 . 9 z.o 4 .0 66 1-%:1·1". 599 2.2 8.9 2 . 0 3 .5 33 I 3-h 600 Z. 4 6 .8 3.6 6.0 50 I 2·%. 601 2.7 6 . 2 1 . 6 a.o 60 I 2·%· 602 2.6 11.1 2 . 0 4.0 33 I 3· fc• 603 1.6 4 .8 1.5 4.0 60 2-%. 604 2 . 4 8.6 2 . 0 4.0 50 3-~ :3·%· 
I { 1.0 r·o {25 
5-1\. 
605 I 2.1 S .5 1.2 4.0 50 0 0.5 3 . 0 33 0 606 1.9 1.6 1.0 4.0 50 0 607 Z.3 1 . Z 1.5 4 . 0 100 2-% :1-1* 
608 1.4 1.3 1.3 4 .0 50 2-h 
609 2.0 0.3 2.0 ~.o 100 
I 
0 
610 2 .8 1 . 9 [ 0.5 [ .0 [ 25 0 1.5 4 .0 25 0 
Sll 2 . 4 1 . 4 2.8 4 . 11 50 4-h 
612 Z.4 2.1 1.8 4 .5 100 I 0 613 Z.6 2 .1 2 .0 4 . 0 33 I ·z-~:4-% 614 2.0 1.1 2 . 0 3 .0 50 1-%. :4-% 615 Z.8 0 . 3 2 . 3 5.0 100 3-% 616 2.6 1.8 z.o s.o 50 1-~ 817 2.8 0 . 4 2.3 3 . Z 33 . I 0 618 Z.7 0 .8 1 .5 4.5 20 I 1-% 619 2 . 4 0.4 2 .5 4 .5 50 I 1- ~:1-,,. 620 Z.3 0.1 2 .0 4 .5 60 1·% 621 Z. 2 4.3 1.2 3 . 0 26 I 0 622 z . 2 0 .3 1.0 6.0 100 I 1-%. 623 Z.6 0 .6 1.0 3 . 6 100 1· 'M. 624 2.6 0.1 1.S 4 .6 50 0 625 2.3 0.7 1.7 3 . 6 60 I 0 626 1.9 0 . 8 1.1 4 .0 60 0 
627 2.1 0.2 1.5 4.0 33 3-i,s:l-~ 628 2 .1 1.0 2.3 4 .5 60 4-% 629 2 .5 0.7 Z.6 4.5 60 31". 630 I 2.6 0.1 1.0 4.3 75 1-~:3·% 631 1.7 0.4 2.0 4.6 75 10-1,i 
2 . 21 2.90 
• Galls on trunk above union. 
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cause a high percentage of them was affected in the field with large galls 
at the union and they were available for study. 
The results of the trials on healthy and galled trees of this variety are 
presented in table IX and fig. 5. 
Discussion of Data in Table IX and Fig. 5 
From these data we find that the average diameters of galled and 
healthy Salome trees differed very little; the former being 2.27 cm. and 
the latter 2.08 cm. There was little difference between the average actual 
rate of flow of the healthy trees (24.4 c.c.) and that of the galled trees 
(21.3 c.c.). Hqwever, when we consider the unit flow for galled and 
healthy trees, we find they were 4.52 c.c. and 5.77 c.c., respectively, or a 
reduction in the galled trees of 21.7 percent. The effect of lateral roots 
from the gall on increased water flow as exemplified in trees number 455, 
471, 480, 484, 494 and 495 was noticeable. The effect of lateral roots from 
TABLE IX. WATER FLOW THROUGH UNION PIECES OF GALLED TWO· 
YEAR CUTBACK SALOME APPLE TREES. 
Galled Trees D escription of gall 
Tree I Diameter I Unit ftow Height Leng th Percent I Roots from gall 
number cm. c. c. cm. cm. girdling and diam. Inches 
452 1.4 I 1.4 callus I 453 2.5 I 5.8 1.5 4.0 75 1-'h 455 1.9 8.1 [ 1.0 2.0 25 ! 1-'h 1.0 a 2.0 25 1-.'h 
456 2.4 3.0 0.5 3.0 25 l-1;, 
457 1. 7 1.6 callus I 458 . 1.5 1.8 0.8 3.5 25 3-% 
467 2.1 5.6 0 .5 1.5 16 I 2- 1i'•. 462 1. 9 5.6 callus 
464 2 .4 12.0 1.5 3.0 25 2- !. :2- %.' 
465 2.8 4.9 0.3 1.5 20 I 1-14. 
.(66 3.0 1.9 2.0 3.5 50 I 10- '4 :3- -1'. 
467 1.6 1. 3 2.0 3.0 100 I 
468 2.0 5.9 callus I 1-j\ 469 2.5 5.0 [ 1.0 2.0 12 1.0 2.0 12 I 
470 2 .7 6.9 calius I 1-14 :1- 'h 471 1.5 6.3 0 .7 3 .5 50 
472 1.6 1.0 1.0 2.0 50 11-%:3- '18 
473 2.3 3.9 0.6 b 1.5 25 
474 2 .1 5.8 1.0 b 3.0 25 3-'Ai 
476 2.1 1.8 0.2 1.0 25 I 4-'Ai· 
477 1.4 5.7 callus I 2-% 
478 1.5 6.4 1.0 3.0 50 I 
479 2.2 7.8 0.5 2.0 25 I 4- % :1-1i'J. 
480 2 .5 8.8 1.5 3.0 50 I 5- 'Ai 
.(81 1.8 5.8 2 .0 4.0 33 2-14 :1-% 
482 2.4 5.2 1.5 a 3.3 50 I 
483 1.7 2.5 1.0 b 2.5 50 I 
484 2.5 7.0 0 .9 a 3.0 20 12-.,.. 485 2.1 9.7 0.5 2.5 75 4-f.1 
486 2.5 3.1 1.0 callus 
487 1.6 24.0 1.0 0.5 12 1-fi• 
490 2.5 3. 6 0.5 4.0 50 I 1-'Ai 
493 2.8 5.7 callus I 494 2.4 8.3 l.O 3.0 25 1-14 
49li 2 . .( 8.68 0 .5 1.0 12 I 3-'Ai 
496 2.1 7.31 1.0 3.3 25 J 1-.,0. :4 ,'i, 
498 1.7 3.70 callus 2-f. 
501 2.0 5.32 1.0 2.0 25 I 1-%:114' 
502 2.0 6.39 callus I 1-¥,,:lf. 503 1. 7 1.81 0 .5 b 2.0 33 
2 .08 4.52 I 
a Gall on scion. 
b Gall on stock. 
• Root from below gall. 
• Root from union opposite gall. 
•Root from above gall. 
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Fig. 5. Hlstograph showing unit r a te of wa t er 
flow through union pieces of normal two-year 
cutback Salome a pple trees. The m ean unit 
rate of flow Is shown by the solid column. 
Compare with the data for the ga lled trees 
given in t a ble IX. 
the union opposite the gall 
was shown in tree number 
464, which showed the high-
est unit flow of any of the 
galled trees. 
Only one of the galls 
completely encircled the un-
ion in this variety, hence no 
comparison can be ;made as 
to the effect of girdling since 
the variation in flow through 
trees only partially girdled is 
too great. The size of gall ap-
peared to have little correla-
tion with reduction in unit 
flow in this lot of trees. The 
interference due to the gall 
on the union of Salome trees 
was not as striking as that of 
the Wealthy, and the unit 
rate of water flow was re-
duced about 22 percent as 
compared with the healthy 
trees (fig. 5) . 
Having made measure-
ments upon two-year cutback trees of different ages and of four varieties, 
further tests were carried out employing healthy and galled two-year-old 
J>0nathan trees. The galled trees were taken from a lot of discards labelled 
"knotted," but which on further eX'amination showed only about one-third 
of them to be galled, the remainder having swollen unions or a poor root 
systQin. After making the measurements on water flow, the specimens were 
split through the center of the scion lip and classified as being galled or 
showing a swollen union. 
The results of these trials on galled and healthy trees are given in 
table X and fig. 6. 
Discussion of Data in Table X and Fig. 6. 
As shown in the table, the galled trees had an average diameter slightly 
greater than the healthy. With a greater diameter and area of surface ex-
posed to suction, the unit rate of flow for the galled trees was 47.2 percent 
lower than that of the healthy. 
Only a few of the galled trees of this variety had lateral roots arising 
from the gall. Tree number 558 with four roots from the gall one-eighth 
inch in diameter showed a unit rate of flow of 12.2 c.c., while tree number 
556 with r9ots of the same size and number had a unit flow of only 7.6 c.c. 
Again, in tree number 560 with no roots from the gall, the unit rate of 
flow was 21.1 c.c. This flow value was nearly as large as many of those 
found for the healthy trees. 
A number of the healthy trees showed a swollen union due to callus 
formation. It is interesting to note the unit rates of water conduction 
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in theoo trees, which, with a few exceptions, are lower than those of the trees 
with smooth unions. In these exceptional ca,ses, trees number 562 and 565, 
the unit rate of water flow was quite as high as that of a majority of the nw-
mal trees. Even though such a swollen union does not always mean that 
the water conducting capacity is low, it appears quite indicative of interfer-
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Fig. 6. Histograph showing unit rate of water fiow through union pieces of normal 
two-year-old Jonathan apple trees. The mean unit rate of fiow is shown by the solid 
column. Compare with data for galled trees given in table X. 
TABLE X. WATER FLOW THROUGH UNION PIECES OF GALLED TWO-




















1 Gall on scion. 
• Gall on stock. 
Diameter Unit fiow 
cm. c. c. 
2.0 1.4 
1.6 1.2 



























0 . 5 
0.7 
1.53 
[ 1.l1 0.5 
1.2 
1.0 
Description of gall 
Length I Percent !Roots from 
cm. girdling gall and 
diam In. 
I 1.5 50 I 1-'19 1.0 50 I 1-'-Al 2.0 25 I 0 1.0 66 I 0 
2 .0 25 I 0 
2.0 I 75 I 0 
2.0 25 I 3-.,.. 
3.0 33 I 4-1;8 
2.0 25 I 4-'-Al 
2 . 0 50 I 0 
1.5 33 I 0 
3.5 100 I 0 
2.0 100 I 3-;\i 
[ 2.0 [ 50 I 0 2.0 16 I 4 . 0 50 1/. 
2.5 100 I 1-14 
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TRIALS ON BUDDED PEACH TREES 
Thus far all of the studies on interference with water flow have been 
made on piece-root grafted apple trees. The obstruction due to the gall on 
the peach may be less because of the absence of the root graft or it may be 
greater on account of the more rapid growth of the excrescence in the softer 
tissue. Isolations were made from five typical galled specimens before the 
fluometer trials, and Ps. tumef aciens was recovered in every case. 
Galled and healthy peach trees were selected from the varieties Elberta, 
J. H. }!ale, Carman and Salway. The specimens on which the measure-
ments of water flow were made were taken below the point of budding so 
as to include equal portions of the root and trunk. Representative speci-
mens are shown in plate I, fig. B. The results of the trials on these lots of 
trees are presented in the histograph, fig. 7. 
Discussion of Data in Fig. 7. 
There is a striking reduction in actual and unit flow through galled 
trees as compared with that of the healthy trees. With an average diameter 
of 1.76 cm., the average actual and unit flow for the galled trees was 1.23 
c.c. and 0.55 c.c. The healthy trees, with an average diameter ,of 1.52 cm., 
showed an actual and unit flow of 6.9 c.c. and 3.7 c.c, respectively. Thus, 
in spite of a larger diameter in the galled trees, the unit rate of water flow 
is reduced approximately 83 percent. 
The healthy Elberta trees are comparable to the healthy Hale trees in 
actual and unit flow and would appear to fall in the same class on the 
basis of conduction. In this variety the average actual flow was 6.05 c.c. 
and the unit flow was 3.77 c.c. The galled trees having a larger average 
diameter showed a low actual and unit flow, 1.15 c.c. and 0.58 c.c. as com-
pared with that of the healthy trees. In the galled trees the reduction in 
unit flow was 84.6 percent. 
In the healthy Carman trees the conduction was quite comparable to 
that of the healthy Salway trees. Here we find an average unit flow of 5.22 
c.c. and an actual unit flow of 9.49 c.c. The trees of this variety, however, 
had a larger diameter than the Salway trees, but the average unit flow was 
0.76 c.c. less. The galled Carman trees, while showing higher actual and 
unit flow than those of either Hale, Salway or Elberta trees, also showed a 
reduction of 75.1 percent in unit flow when compared with the healthy 
trees of this variety. 
A similar condition exists in the Salway trees having a larger average 
diameter in the galled than in the healthy trees. Comparable to the 0.43 
c.c. and 0.15 c.c. of actual and unit flow in the galled trees, we have 9.31 
c.c. and 5.98 c.c. for the healthy trees. The reduction in unit flow for the 
galled trees was 73.5 percent. · 
Interference with water conduction in the peach trees was due entirely 
to the presence of the gall, since the specimens were taken below the point 
of budding. The galls on the peach were unlike a majority of those on the 
apple in this one important respect, namely, that they penetrated deeper 
into the tissue of the stem. There was also evidence of decay of the tissues 
of the stem around the gall, which would account for the serious injury in-
dicated by the fluometer tests. 
From the data on conduction in the healthy trees we find that the 
varieties tested can be placed in two classes, one including the Carman and 
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Fig. 7. Hlstograph showing unit rate of water flow through galled and healthy peach 
trees of the varieties, Hale, Elberta, Salway and Carma n. The mean unit r a t e of 
flow is shown by the solid columns. 
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Salway with high average unit flow (5.6 c.c.), and the other including Hale 
and Elberta with relatively low unit flow (3.75 c.c.). In this connection it 
is interesting to note that the Salway and Carman peaches, under Iowa 
conditions at least, are regarded as more hardy than the Elberta and Hale. 
In the peach, then, we find the ability to withstand severe winter conditions 
correlated with high water conduction, thus corroborating the fact brought 
out in the Wealthy apple trees as compared with the Jonathan and Ben 
Davis varieties. From the results of water flow measurements on budded 
peach trees it is quite obvious that the presence of a gall offers a serious 
obstruction to conduction. This interference, expressed as a reduction of 
the unit flow through normal trees, amounted to 82.4 percent, an average for 
the four varieties. These measurements, made on specimens having no 
artificial obstruction to water flow, showed that the interference was caused 
entirely by the gall. In comparison with the avera:ge reduction due to the 
gall in piece-root grafted apples, it is evident that the peach is more seri-
ously affected by crown gall. 
RELATION OF TYPE OF GALL TO WATER FLOW INTERFERENCE 
During the course of the studies on water flow through the galled apple 
trees, the question arose as to whether or not the interference with con-
duction could be correlated with the type of gall. The size of the gall 
seemed to offer the most obvious basis for such a study. In general obser-
vations, the size of a gall was measured by its most striking characteristic, 
namely, the extent to which it grew outward from the part of the tree to 
which it was attached. Less attention was paid to the relative propor-
tion of the circumference of the trunk or root involved by the gall. 
After measuring the rate of flow in the galled Wealthy, Salome and 
Jonathan trees as given in tables VIII, IX and X, the specimens were 
classified according to gross appearances, using size of the gall as a basis, 
and little regard was given to the extent of girdlin·g. However, it was 
found that, because of their similarity in respect to projection from the 
union, this alone could not be accepted as a criterion of interference with 
water conduction. 
After a more thorough examination of the specimens, they appeared to 
fit readily into groups based upon the extent to which the union was in-
volved by the gall. Five classes were therefore made which included prac-
tically all the trees and consisted of specimens in which the gall involved 
25, 33, 50, 75 and 100 percent, respectively, of the circumference of the 
union. The average unit rate of water flow, diameter of the specimens 
above the union, length of the gall and extent to which it projected from 
the union are summarized in table XI. 
TABLE XI. RELATION OF SIZE OF GALL TOWATERFLOWINTERIFERENCE. 
I Number I Average I Average 1Percentag11 Projection I Length spec!- diameter unit flow of union of gall of gall 
mens specimen involved from union 
Class I .. .... 10 2.1 cm. 5.55 c. c. 25 0.80 cm. I 2.48 cm. 
Class II ..... 9 2.4 cm. 4 .60 c. c. 33 1. 72 cm. I 3.96 cm. Class III .... 30 2.3 cm. 2.92 c. c. 50 0.88 cm. I 1.98 cm . Class IV .... 6 2.3 cm. 0.80 c. c. 75 1.58 cm. I 3.85 cm . Class v ..... 9 2.0 cm. 1.25 c. c. 100 1.59 cm. I 1.31 cm . 
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Summary of Table XI. 
In examining the data in table XI, we first note the relative propor-
tion of trees included in the various classes. Class number 3, in which 50 
percent of the circumference of the union was gall tissue, included about 47 
percent of the specimens studied. Classes one and two, in which 25 and 33 
percent of the union were involved, contained about 30 percent, while 
classes four and five included the remaining 23 percent of the specimens. 
Turning now to the average rate of flow, it is interesting to note the rapid 
decrease in conduction as the percentage of gall tissue (extent to which the 
union was involved) increased. In class one and two, with the gall 25 and 
33 percent encircling the union, the unit flow was 5.55 c.c. and 4.60 c.c., re-
spectively, while in class three, with 50. percent of the union involved, the 
unit :flow was only 2.92 c.c. Likewise, in classes four and five, with 75 and 
100 percent of the union involved, the unit flow had been reduced to 0.80 
c.c. and 1.25 c.c. The rate of flow in the trees of class five, with the entire 
union involved, was greater than in class four, where the gall encircled 
three-fourths of the union. This discrepancy was probably due to the 
8mall number of specimens in the latter class and their individual variations 
in conduction. 
When we consider the average length of the gall and extent to which 
it projected from the union, we find that neither. of these characters was 
correlated with the interference with water flow through the galled union. It 
is seen, however, that when the actual amount of galled tissue was consid-
ered, depending upon the length and extent of projection of the gall and 
the percentage of the circumference of the union involved, the size of the 
gall was quite closely correlated with interference with water flow. 
RELATION OF HEALING OF THE UNION TO WATER FLOW AND GALL · 
FORMATION 
From the previous measurements it was shown that the union of a piece-
root grafted apple with or without a gall interfered with the water flow 
through the tree. Further studies, to determine the cause of this obstruction, 
were made on specimens of the Wealthy, Jonathan and Salome trees given 
in tables VIII, IX and X. The specimens wel'e sawed longitudinally through 
the union, making it possible to observe the extent of healing of the union 
of stock and scion, the amount of callus tissue and the presence or absence 
of continuity of the water conducting vessels. The specimens were arranged 
into three classes. Class number one consisted of trees in which there was 
complete healing of the union; class number two, those in which the tip of 
the scion lip had failed to unite with the stock; class number three, those 
in which the tip of the stock lip had failed to unite with the scion. The 
numbers of healthy and galled trees falling within these classes and the 
average unit rate of water flow through the union are given in table XII. 




1. Union healed .. . ............ · 1 53 
2. Scion lip not healed . . . . .. . . . 9 
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Taking up first the data for the healthy trees, it is interesting to note 
the large number of trees in class one as compared with those in classes 
two and three. Out of a total of 65 healthy trees, 53, or approximately 81 
percent, showed perfect healing of the union; nine and three trees, or ap-
proximately 14 and 5 percent respectively, showed an imperfectly healed 
union. It is evident from the average unit fl.ow of the trees in classes two 
and three that the imperfectly healed union caused a serious reduction in 
water conduction through the healthy tree, amounting to approximately 51 
percent. 
In galled trees where the union was completely healed the presence 
of a gall caused a serious reduction in water flow. Comparing the galled 
trees in class one with the healthy trees of the same class, we find their re-
:;pective unit fl.ow values were 3.94 c.c. and 8.79 c.c. Thus in these trees the 
presence of a gall on the otherwise normal union interposed an obstruction 
which reduced the water flow about 55 percent. In class two, where the 
scion lip had not entirely healed, and there was a break in the continuity of 
the vessels, the unit fl.ow was 3.78 c.c. If we look at the unit flow for this 
class among the healthy trees we note that it was 4.49 c.c., a little higher 
than for the galled trees. We find also that the incomplete healing of the 
scion lip in the healthy trees caused a reduction of approximately 33 per-
cent in the water fl.ow through the union, indicating clearly that it was not 
necessary to have a gall in order to reduce the fl.ow through the union. 
This leads us to a consideration of the effect of the gall on a tree where 
the union is imperfect due to poor grafting. If we take the group in 
which the scion lip had failed to unite with the stock, we note that the dif-
ference in rate of flow between galled and healthy trees was only nominal, 
less than 16 percent. Then the question at once arises as to the position of 
the gall on trees of this class. Should they occur on the tip of the scion 
lip, the effect of fl.ow would probably be negligible. On the other hand, 
where the gall occurred at some other point on the union the rate of fl.ow 
would obviously be reduced as shown in the trees where the union healed 
normally with a gall at some point on the union. In compiling the group 
in which the scion lip was not healed, there is no way of ascertaining ex-
actly the position of the galls. Allowing that approximately 75 percent of 
the galls occurred on the scion lip, the difference in reduction in rate of 
fl.ow between the galled and healthy trees in this class would be caused by 
the remaining 25 percent at some other point on the union. 
It appears from the above evidence that the practice of grafting in 
many cases results in as serious a curtailment of the water conducting 
capacity of the young tree as the presence of a gall. The retardation in 
water fl.ow due to an imperfect union must certainly be reflected in the sub-
sequent growth of the tree for a period of years. 
Another point of interest is the number of galled trees falling into the 
two classes of trees with imperfect unions. Out of a total of 112 galled 
trees 71 showed an imperfect union. 
Hedgcock ( 1910) makes the following statement in this connection: 
''A poor fitting of root grafts also causes an increase of abnormal callus, 
permitting a greater communicability of crown gall during the first year's 
growth.'' In his experiments, of a total of 357 trees grown from smoothly 
fitted root grafts, 7.8 percent were galled, while from 217 trees grown from 
poorly fitted grafts 17.5 percent were galled. Melhus and Maney (1921) in 
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their experiments planted perfect and poorly fitting piece-root apple grafts 
and conclude from an examination of the three-year-old trees that the 
method of grafting is not so important a factor in crown ga11 infection as 
previously considered. They maintain that in those grafts in which the 
stock lip projected over the base of the scion, the stand at the end of three 
years was reduced 50 percent in comparison with the stand of trees from 
perfectly fitting grafts. At the end of three years, only half of the trees 
from this type of graft were living. These results are readily explained 
when we consider the reduction of 51 percent in rate of flow through the im-
perfect union of healthy trees, as shown in table XII. It is suggested from 
the foregoing field observations and laboratory trials that trees from such 
grafts cannot obtain sufficient food material due to the lack of continuity 
of the vessels through the imperfect union; dwarfing or death results. 
It seems evident from this study on the extent of healing of the union 
in relation to water flow that an imperfectly healed union offers, for a time 
at least, as much interference to conduction as the presence of a gall. The 
fact that a greater number of trees with imperfect unions show galls is also 
suggestive. Histological studies on such trees reveal the fact that many of 
these galls are caused by the formation of excessive callus tissue from the 
tip of the scion and stock lips. Failure to· obtain Ps. tumef aciens from such 
galls, while not proving the absence of the pathogen, is strongly indicative 
of their origin from the callus tissue at the union. 
The results of this study also indicate that the loss in stand of grafts 
during the first season might be materially reduced by more careful atten-
tion to the making of grafts with perfectly fitting unions. This would elimi-
nate excessive callus and discontinuity of the water conducting vessels. 
At this point one naturally wonders what may be the condition when 
trees with such abnormalities are set in an orchard. The trees used consti-
tuted a part of those dug by Greene and Melhus (1919) in their study on 
the effects of crown gall upon young apple trees after two to eight years 
in the orchard. Although only a few trees were available, the overgrowth 
was located at the tip of the scion lip, meaning that it had failed to unite 
with the stock, inducing, therefore, a lack of continuity through the union. 
This is expressed by Greene and Melhus (1919) as a reduction in twig 
length, diameter and weight. This correlation of lack of continuity with ac-
tual growth on young trees from two to eight years in the orchard makes it 
worth while to see the actual condition in older trees. Such an opportun-
ity was afforded in an orchard which had been set for 13 seasons• and dug 
in the fall of 1924. 
The frees ·were all dug with spades to prevent any breakage of roots or 
trunks incident to pulling with a tractor or blasting. Records were made 
of the occurrence of overgrowths on the trees, their location and the amount 
of heart rot in trunk and roots. The top was removed, leaving a portion of 
the trunk about 3 feet long and a spread of roots about 2 feet in diameter. 
These specimens after storage at the nursery over winter were shipped to 
the laboratory for further study. At the laboratory each specimen was 
sawed longitudinally, splitting the union into two equal portions, as nearly 
• This orchard was planted In the &Pring of 1912 by the Iowa Experiment Station and 
consisted of two- year-old cutba ck piece-root grafted trees as follows : Wealthy, 126 
normal and 200 galled; Jonathan, 120 normal a nd 210 galled. At the time of setting , 
no a ttempt was made to Isola t e Pa. tumefaclena from the galled trees, but selectlom1 
for pla nting were ma de from those showing the la r gest overgrowth~ ::\t Uu: Uf!k.rr, 
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as possible through the scion lip. The split specimens were examined critic-
ally with a view to determining the relation of the overgrowth at the union 
to the degree of continuity. Here lack of healing was evidenced by a definite 
break between the stock and scion. This line of demarcation in some cases 
was quite pronounced, while in others it was less so. Those specimens were 
discarded which were improperly split or in which there was doubt as to 
union or lack of union. For the laboratory studies of the split trees, two 
varieties were represented; 51 Wealthy, 19 normal and 32 galled; and 44 
Jonathan, 18 normal and 26 galled. The number of trees, normal or galled 
when set in 1912, which showed healing or lack of healing of the U:nion and 
the presence or absence of gall when dug in 1924, are presented in tables 
XIII and XIV. 
As shown previously (table XII), apparently normal two-year-old trees 
of mixed varieties may show lack Of healing of the union in as much as 17 
r·ercent of the cases. Such trees must be regarded as abnormal and it seems 
entirely possible that an overgrowth at the point of discontinuity at the 
union might later develop. Should the break between stock and scion be 
only a slight one, for example at the extreme tip of the scion lip, no over-
growth would probably be produced. That this condition actually develops 
in the orchard is shown by the data in table XIII. In the 19 normal 
Wealthy trees there are 10 in which the scion lip had not entirely healed 
and 6 showing an overgrowth at this point. Likewise, of the 18 Jonathan 
frees, 8 showed discontinuity at the union and overgrowths on 4 of them. 
TABLE XIH. HEALING OF UNION AND PRESENCE OF GALL IN 13-YEAR-OLD 
TREES NORMAL WHEN PLANTED. 
I Number I Gall I Union Variety trees -P--t-1,..-A_b_s-en_t_ healed 
examined resen 
Wealthy ... ·1 19 j 64 I 13 j 
.Jonathan . . . 18 H 
8 
10 












In only one case, in the Wealthy trees, was there lack of healing of the 
"tock lip with the scion, thus causing an overgrowth at this point. It was 
bhown in table XII that 63 percent of the galled trees also showed lack of 
continuity through the union. Evidence was obtained showing that such 
overgrowths persisted in old orchard trees. 
TABLE XIV. HEALING OF UNION AND PRESENCE OF GALL IN 13-YEAR-OLD 
TREES GALLED WHEN PLANTED. 
Varl~ty I Number I trees · 
examined 
















Stock I Neither 
lip not lip 
healed healed 
1 I 1 
o I · 3 
In the trees which were galled when planted (table XIV) approxi-
mately 60 percent of the Wealthy and 84 percent of the Jonathan showed 
overgrowths at the union after 13 years in the orchard. Of the Wealthy 
trees, 22 showed lack of healing of the scion lip, and 20 an overgrowth at 
this point. Overgrowths were present at the union on 22 of the Jonathan 
trees, 17 showed lack of continuity between the scion lip and the stock and 
in 3 the stock lip did not heal. Of the eight Wealthy trees in which the 
union had healed, six showed no overgrowths, while in the Jonathan five of 
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the six trees with the union healed showed an overgrowth at the union. In 
such cases where overgrowths occurred on the perfectly healed union, no 
at.tempt was made to determine their cause, but either wound callus or in-
fection from Ps. tumef aciens could have been responsible for them. 
If the presence of an overgrowth at the union offered an obstruction 
to the upward passage of food materials, then this effect should be evi-
denced by some abnormal development in trunk or top growth. Such evi-
dence was found in 36 percent of the Wealthy. and 20 percent of the Jona-
than trees showing overgrowths at the union. In these trees there was a 
very evident concavity in the trunk immediately above the gall, which ex-
tended upward 10 to 18 inches. This depression was similar to that found 
immediately above the junction of two lateral roots with the main root. 
The significant facts brought out by these studies are, that such over-
growths at the union of young piece-root grafted trees are directly associ-
ated with lack of continuity of the scion and the stock; they cause a marked 
reduction in water conduction through the tree, resulting in a reduction in 
twig length, diameter and weight; these overgrowths persist and lack of con. 
tinuity at the union is still evident in 13-year-old orchard trees. 
From the above facts it seems obvious that the presence of an over-
growth at the union of orchard trees is indicative of an obstruction to the 
upward flow of food materials which is reflected in reduction of growth as 
compared with normal trees. 
SUMMARY 
Cultural studies of 196 piece-root grafted apple trees discarded at the 
nursery because of overgrowths at the union showed the presence of Ps. 
tmnefaciens in relatively few cases. Employing the early method of isola-
tion, the organism was recovered from seven out of 111 trees collected in 
1924. Employing Patel's modification of this method on 85 trees, col-
lected in 1925, Ps. tumefaciens was recovered in 16 cases. 
From 21 trees, grown on an area from which severely galled roses had 
been dug two years previously, the crown gall organism was isolated in 16 
cases. Reisolations from this lot of trees after five months in storage when 
tho galls had begun to decay were negative. However, inoculations from 
suspensions of the macerated galls yielded typical galls on tomato plants in 
15 of the 21 trials. 
From many of the overgrowths organisms were found closely resem-
bling Ps. tumef aciens in plate culture, but which upon inoculation into to-
mato failed to produce galls. 
The abundant development of fibrous roots from an overgrowth at the 
union of piece-root grafted trees is not a reliable index of crown gall infec-
tion. In the isolations from 196 trees with overgrowths at the union, 155 
i;howed this type of malformation. The crown gall organism was recovered 
from 16 out of the 155 trees studied. 
Isolations from 50 one-year-old apple seedlings showing the fibrous 
type of hairy root failed to yield the crown gall organism in any case. In-
oculations from the suspensions of macerated tissue employed in making 
these cultures also failed to produce galls upon young tomato plants. 
Overgrowths closely resembling those found on discarded nursery trees 
have been induced upon asceptically made grafts and scion cuttinfrs planted 
in sterilized soil. Isolations from these malformations failed° to yield, 
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Ps. tumefaciens. It seems evident that these overgrowths were caused by 
excess callus formation at the tip of the scion lip of the graft and scion 
cuttings and it is indicated that a majority of the malformations at the 
union of piece-root grafted apple trees are due to the same cause. 
The fibrous type of hairy root developed on seedlings grown from sur-
face disinfected seed in steamed and unsteamed soil in the field. The 
fibrous form of hairy root also occurred on seedlings from surface disin-
fected seed grown in artificially infested steamed soil and under natural 
field conditions. 
The "woolly knot" form of hairy root occurred on seedlings from 
disinfected seed grown on steamed soil when Ps. tumef aciens was artificially 
inoculated into wounds, or when the seedlings were wounded and the soil 
was infested with the pathogen. Woolly knot also occurred on wounded 
and unwounded seedlings in unsteamed soil either artificially infested or 
under natural field conditions. 
The fibrous type of hairy root is probably non-infectious. The '' w•oolly 
knot'' form is a manifestation of crown gall infection. 
Ps. tumef aciens retains its virulence for considerable periods of time 
in sterilized and non-sterilized soil. Infection was produced on successive 
crops of young tomato plants grown in non-sterilized greenhouse soil 102 
days after its infestation. In cultures of non-sterilized greenhouse soil 154 
days old, the crown gall organism was viable and infectious. Likewise, in 
122-day-old cultures of non-sterilized clay soil the organism produced in-
fection on young tomato plants. Ps. tumefaciens retained its virulence in 
twig length, diameter and weight; these overgrowths persist and lack of con-
taminated with a mold and 46 days later was non-infectious on tomatoes. 
The average unit water flow through the union pieces of healthy piece-
root grafted one and one-half and two-year-old Wealthy, Jonathan and 
Ben Davis apple trees is 53.4, 20.0 and 42.9 percent less, respectively, than 
that through the trunk pieces of the same trees. The offset in the trunk 
due to cutting back the yearling trees, for the above varieties, causes a re-
duction in water flow of 61.5, 44.6 and 7.9 percent, respectively, as com-
pared with that through the trunk pieces. 
The average reduction in water flow through the union pieces of galled 
one and one-half years old Wealthy, Jonathan and Ben Davis trees is 19.8, 
16.7 and 35.5 percent. In later tests after vacuum treatment of the speci-
mens, the reduction in unit flow through similar galled union pieces of two-
year cutback Weal~hy and Salome trees was 69.7 percent and 21.7 percent, 
respectively; in two-year-old Jonathan trees the reduction in unit flow was 
47.2 percent. Lateral roots arising from above or opposite the gall may 
counteract the obstruction to water flow caused by the gall. Lateral roots 
rising from the gall may in some cases balance the reduction in water flow 
caused by the gall, but such an effect is not constant. 
In two-year-old peach trees of the varieties Carman, Salway, Elberta 
and J. H. Hale, the average reduction in unit water flow caused by the gall 
is 82.4 percent. 
The size of gall and degree of girdling together offer an index of the 
interference with water conduction through the tree. In approximately 200 
galled and healthy two-year cutback apple trees examined, 81 percent of 
the healthy trees showed a perfect union of scion and stock, and 63 percent 
of the galled trees showed that the tip of the scion lip had failed to unite 
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with the stock, causing the development of an overgrowth. The imperfect 
healing of the union in otherwise normal trees may cause a reduction in 
water fl.ow equal to that in galled trees. 
Lack of corrtinuity between stock and scion was still evident in galled 
piece-root grafted trees after four, five and eight seasons in the orchard. 
On trees showing overgrowths at the union when planted, the malfor-
mation persists at least 13 years after setting in the orchard. In a ma!-
jority of cases such trees show lack of continuity at the union. 
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PLATE I. 
(A) Two-year-old piece-root grafted Wealthy apple trees with overgrowths at tha 
union. In the center a normal tree. 
These specimens are typical of those employed In the Isolation studies and the 
trials on water connuctlon. 
(B.J Galled and normal two-year-old budded peach trees typical of those employed 
In the water conduction trials. . 
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PLATE II. 
(A.) Galled apple trees from a lot of 21 grown on infested soil and typica l of 
those from which Ps. tumefaciens was recovered. (B.J Two trees of the same Jot as those, shown in A. These are typical of those 
from which the crown gall organism was not recovered. 
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PLATE It 
ii4 j. Ii. MUNcrn 
PLATE III. 
(A.) ' l\Tealthy a pple scions cut aseptically a nd stored one month in s terilized sand 
In the greenhouse.Not e the formation of callus tissue a t the basal end of the scion. (B.) Overgrowths a t t h e tip of the scion lip on one-year-old g ra f ts. Gra fts m a d., 
aseptically a nd grown in s t eam ed soil. 
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PLATE IV. 
(A.) One-year-old apple seedlings discarded at the nursery because of fibroua 
hairy root. 
(B.J Galls induced on tomato by inoculation with infested soil. From left to right: 
(1) Inoculated March· 26 with sterilized greenhouse soil infested January 12 . • (2J Inocu-
lated March 18 with unsterilized c lay soil infested February 25. (3J Inoculated March 
26 with same soil as in (2J. (4J Inoculated March 11 with unsterilized greenhouse so.ii 
infested J anuary 12. 
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ecaudatum, 356, 363. 
ecaudatum forma bicaudatum, 
355, 360, 363. 
ecaudatum forma cattanei, 
355, 360, 363. 
ecaudatum forma caudatum, 
354, 360, 363. 
ecaudatum forma ecaudatum, 
354, 360, 363. 
ecaudatum forma quadricaudatum, 
355, 363. 
ecaudatum forma tricaudatum, 
355, 360, 363. 
fiorentinii, 356. 
helseri, 357, 360, 363. 
magii, 353, 360, 363. 
mammosiim, 356. 
mediwm, 354, 360, 363. 




Dysenteroides, 124, 168. 
bentotensis, 174. 
metadysentericus, 124. 




















wilsonii, 17 4. 




typh081/,S, 124, 170. 
Elegans, 328, 331. 
Encapsulata, 125. 
aerogenes, 141. 
Encapsulatus, 124, 140, 145. 
a1,'idi lactici, 124, 135. 
capsulatus, 141. 
lactis aerogenes, 124, 141. 
pnewmoniae, 124. 
Endamoeba, 346. 







bicarinatum, 352, 360, 363. 
bursa, 351, 360, 362. 
caudatmn, 352, 360, 363. 
dentatwm, 353, 363. 
/urea, 352, 360, 363. 
minimum, 352, 360, 362. 




Escherichia, 129, 130. 












oxytocus perniciosus, 142. 
paragriinthali, 134. 







Eupenicillium, 284, 287. 
Eupionnotes, 329, 334. 
Eutrichomastix, 348. 
rwminantiwm, 348, 362. 
Ferruginosum, 335. 
Flexncrella, 127. 
Formaldehyde as fungicide, 199. 
Fungi Imperfecti, 33, 228, 265. 
Fungicide, Furfural as, 199. 
Furfural as fungicide, 199_ 
Fusariwm, 29, 234, 328. 
acwminatwm, 36, 331, 337. 
INDEX 
affine, 36, 327. 
angustum, 36, 328, 331. 
argtllaceum, 330, 334. 
arid1im, 36, 331, 338. 
a1!enace1~, 331, 338. 
blasticola, 329, 332 . 
bullatum, 36, 330, 335. 
ca11dat1~, 36, 330, 334. 
culmorwm, 36, 330, 337. 
cuneiforme, 334. 
dimernm, 36, 329, 334. 
discolor, 36, 336. 
discolor var. sulplmreum, 336. 
elegant1~, 36, 329, 331. 
graminum, 331, 338. 
idahoanwm, 36, 329, 332. 
lanceolatwm, 36, 330, 335. 
lini, 36, 329, 333. 
martii, 333. 
metacrowm, 337. 
nigrum, 36, 330, 337. 
ni1lewm, 329, 333. 
orthoceras, 36, 328, 331. 
oxyspornm, 36, 329, 331, 332, 333. 
radicicola, 36, 329, 333. 
rubiginos1im, 36, 337. 
sambucinum, 330, 336. 
sanguinewm, 36, 330, 335. 
sclerotioides var. bre1Jis, 332. 
solani, 36, 329, 333. 
s1ibpallidum, 36, 330, 336. 
subulatum, 338. 
sulphurewm, 330, 336. 
tricothecioides, 36, 330, 336. 
1idwm, 329, 334. 
1!entricosum, 334. 
Geotrich1~ candid1~, 339. 
Germicidal efficiency, sodium 
hydrnxide, 379 
Germicide, sodium hydroxide, 379 
Gibbosum, 330, 334. 
Gliobotrys, 231, 314. 
albo1!iridis, 314. 
Gliocladium, 25, 230, 302, 340. 
atrnm, 227, 302, 305. 
caten1ilat1tm, 226, 302, 303. 
deliqiiescens, 302, 304. 
fimbriat1~, 226, 302, 304. 
penicilloides, 29, 35, 302, 303. 
roseum, 302, 303. 
Gonatobotrytideae, 230. 
Graciloides, 12i, 174. 
albofaciens, 127. 
Hairy root, 67. 
Hansenia apiculata, 339. 
Helminthosporieae, 232. 
H elminthosporiwm, 232, 320. 
anomalum, 226, 321. 
interseminatum, 35, 321. 
s1tbulatum, 35, 321. 
Hormodendrum, 232, 317. 
cladosporioides, 35, 317. 
hordei, 35, 317, 318. 
nigrescens, 317, 318. 
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olivaceum, 317, 318. 
pallidum, 35, 317, 318. 





Hydrogen ion concentration and 
temperature, 37. 
Hymenula, 233, 327. 
affinis, 327. 
Hypocreales, 228, 265. 
Hypoderma (Hyphodermaf), 340. 
Infusoria, 349. 
Intestinal group, 121. 
Isaria, 29, 340. 
lsotricha, 349. 
intestinalis, 350, 360, 362. 
prostoma, 350, 360, 362. 
Isotrichidae, 349. 





Lactic acid, from Lactobacillus 
acidophilus, 419. 




Lanlwides, 127, 168, 174. 
ceylonensis B, 182. 
madampensis, 181. 
pyogencs, 127. 
pyogenes foetidus, 173. 
Linked inheritance in tomato, 3. 
Longevity of Pseudomonas 
tumefaciens, 81. 
Lycopersicum esculeutum, 3. 
Macronemcae, 229, 231, 232, 233. 
Macrosporiwm, 233, 325. 
cladosporioides, 325. 
commune, 35, 325. 
Marasmius, 340. 
Martiella, 329, 333. 
Mastigamoeba bovis, 347. 
Mastigophora, 34 7. 
Media for yeasts, 411. 
Melanconium, 340. 
Mesobotrys, 232, 319. 
simplex, 226, 319. 
Metadinfom medium, 354. 
Metallacter ileotyphi, 170. 
M-icrococcus ileotyphi, 170. 
melitensis, 185. 
Micronemeae, 232. 
Mi1cro1co1c1cus typhi abdominalis, 170. 
Monadidae, 347. 
Monas, 347. 
communis, 347, 362. 
Monascus, 340. 
Monilia, 29, 229, 268. 
acremoniwm, 268, 269 . . 
brunnea, 226, 268, 269. 
INDEX 
candida, 16, 34, 270. 
fimicola, 33, 270. 
geophila, 33, 268, 269. 
hwmicola, 33, 268, 270. 
implicata, 226, 268, 269. 
lcooingi, 33, 270. 
sitophila, 33, 268, 269. 
Moniliaceae, 33, 228, 267. 
Moniliales, 33, 228, 267. 
Mono-Mucor, 239, 240. 
Monosporium, 230, 306. 
acuminatwm var. terestre, 35, 306, 307. 
silvaticum, 35, 306, 307. 
Monotospora, 340. 
Monotosporeae, 231. 
Monoverticillium, 286, 295. 
Mortierella, 227, 254. 
humicola, 32, 254, 255. 
isabellina, 32, 254, 255. 
pu.silla, 32, 254, 255. 
subtilissima, 32, 254, 255. 
Mortierellaceae, 32, 227, 254. 
Mucedineae, 233. 
M·ucor, 227, 239. 
abundans, 241, 247. 
adventitius, 32, 240, 243. 
ambigi1ms, 32, 242, 250. 
botryoides, 32, 241, 247. 
christianiensis, 32, 240, 245. 
circinelloides, 31, 241, 248. 
corticolus, 32, 241, 249. 
dimorphosporus, 32, 241, 250. 
dispersus, 32, 240, 246. 
echinulatits, 241, 246. 
flavus, 32, 240, 245. 
genevensis, 32, 241, 246. 
geophilus, 28, 29, 32, 242, 251. 
glomerula, 28, 29, 32, 240, 244. 
griseocyanus, 32, 241, 248. 
heterogamus, 32, 252. 
hiemalis, 31, 240, 243. 
jansseni, 32, 241, 249. 
lamprosporus, 32, 241, 242, 249. 
lausannensis, 240, 244. 
microsporus, 31, 240, 243. 
mints, 240, 242. 
mucedo, 16, 32, 240, 243. 
plumbeiis, 32, 241, 250. 
racemosus, 16, 28, 29, 32, 240, 245. 
rnmannianus, 32, 240, 242. 
rufescens, 240, 242. 
saturninus, 32, 241, 248. 
silvaticus, 32. 
sphaerosporns, 32, 241, 250. 
spinescens, 32, 241, 249. 
stolonifer, 32. 
strictus, 32, 242, 251. 
sylvatieus, 240, 244. 
varians, 241, 247. 
Miicoraceae, 227, 234. 
Mucorales, 226, 234. 
Mycelia sterilia, 36, 234, 339. 
Myceliophthora sulphurea, 35, 339. 
Mycogone, 231, 312. 
nigra, 35, 312. 
Myrothe<JWm, 234, 338. 
roridum, 36, 338. 
N ectriaceae, 228, 265. 
N ematogonium humicola, 35, 311. 
Nematogonum, 230, 311. 
Neonectria, 228, 265. 
ramulariae, 265, 313. 
Neoxabea bipunctata, 59. 
Nicotine dusts, 373. 
Nitrogen 1ixation by bacteria, 395. 
Nitrogen 1ixing bacteria, 395. 
Nitrogen metabolism of nitrogen-
1ixing bacteria, 395. 
Nomogram of generation times, 63. 
Nomogram of velocity coefficients, 63. 









nigricornis argentinus, 60. 
nigricornis nigricornis, 60. 







O\dium lactis, 16, 33, 268. 
Oikomonas communis, 347. 
minWria, 34 7. 
Oospora, 229, 267. 
lactis, 33, 268. 





caudatus, 358, 360, 363. fasiculus, 355. 
inermis, 358, 360, 363. 
\nermis var. caudatus, 354. 
intermixus, 354. 
purkynjei, 358, 363. 
Orthoptera, 37. 
Overgrowths, 76. 
Oxonium chrysospermum, 36. 
Ozonium corceum, 36, 308. 
Ozonium-Sepedonium, 340. 
Pachybasium, 230, 308. 
humatum, 35, 309. 
Papulaspora pannosa, 35, 339. 
Pasteurella salmoni, 155. 
Penicillium, 24, 230, 282, 284, 300. 
acidoferum, 286, 295. 
albidum, 286, 295. 
atramentosum, 34, 285, 290. 
bicolor, 35. 
biforme, 285, 289. 
bre11icaule, 287, 299. 
INDEX 
candidum, 351 300. 
chrysogenum, 25, 29, 34, 286, 294. 
cinerascens, 287, 297. 
citrinum, 286, 292. 
commune, 25, 29, 34, 285, 290. 
costantini, 287 299. 
crateriforme 226, 286, 293. 
cyclopillvm, 34, 284, 288. 
decumbens, 34, 287, 298. 
desiscens, 34, 300. 
digitatum, 34, 286, 294. 
dwaricatum, 301. 
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duclauxi, 25, 29, 35, 385, 391. 
echinatum, 286, 287, 293. 
expansum, 25, 29, 34, 284, 285, 288. 
frequentans, 34, 286, 296. 
funiculosum, 25, 29, 35, 285, 289. 
geophilum, 34, 300. 
glaber, 34. 
glabrum, 287, 297. 
glaucum, 16, 34. 
guttulosum, 226, 287, 298. 
humicola, 34, 285, 292. 
intricatum, 29, 34, 286, 294. 
italicum, 25, 29, 34, 384, 287. 
Ulaci'll!Um, 19, 25, 29, 34, 287, 298. 
lividum, 34, 286, 296. · 
luteum, 25, 29, 34, 285, 290. 
notatum, 34, 285, 289. 
oxalicum, 34, 286, 292. 
pfefferianum, 287, 296, 297. 
pfefferianus, 34. 
pinophilum, 19, 25, 29, 34, 285, 292. 
purpuroge'll!Um, 19, 25, 29, 34, 285, 291. 
restrictum, 226, 287, 297. 
roqueforti, 29, 34, 285, 290. 
roquefortii, 19, 25. 
.-oseum, 35, 303. 
rubrum, 285, 291. 
rugulosum, 25, 29, 34, 285, 291. 
silvaticum, 34, 300. 
stoloniferum, 284, 288. 
terrestre, 34, 300. 
tiinaceum, 226, 287, 299. 
viridicati1m, 34, 285, 289. 
Periconia, 231, 314. 
byssoides, 36, 315. 
lanata, 226, 315. 
Periconieae, 231. 
Peridinium tabulatum, 347. 
Periola, 340. 
Peronosporales, 227, 257. 
Pestalozzia, 340. 
pH and temperature, 37. 
Phaeostilbeae, 233. 
Phoma, 228, 265. 
humicola, 226, 266. 
Phragmosporeae, 232, 233. 
Phycomycetes, 226, 234. 
Pilaira, 227, 253. 
anomala, 32, 254. 
Pilobolaceae, 32, 227, 253. 
Piromonas, 348. 
communis, 347, 348, 362. 
maxWria, 34 7. 
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minima, 347. 
Pleurage, 228, 263. 















Protozoan Fauna, 345. 
Pseudomonas tumefaciens, 67. 
Pythiaceae, 228, 257. 
Pythium, 228, 257. 
de baryanum, 32, 258, 260. 
intermedium, 32, 258, 259. 
monospermum, 32, 258. 
proliferum, 32, 258. 
rostratwm, 32, 2!)8, 260. 
1!exan:s, 32, 258, 259. 
Racemo-Mucor, 239, 240. 
llamularia, 231, 312. 
eudidyma, 312. 
macrospora, 312. 
magnusiana, 35, 265, 313. 
Rhapalomyces, 340. 
Rhinotrichum, 340. 
llhizobium leguminosarum, 396 
llhizoctonia, 234, 339. 
solani, 36, 339. 
llhizopus, 227, 237. 
arrhizus, 31, 238. 
nigricans, 28, 29, 31, 238. 
nodosus, 31, 238. 
Roseum, 330, 337. 
Saccharomyces glutinus, 339. 
Saccharomycopsis capsularis, 339. 
Sachsia albicans, 33, 339. 
Salmonella, 152. 
abortivo-equina, 163. 
















para·typhosus A, 163. 












Saubinetii, 331, 338. 
Schmitz bacillus, 177. 
Sclerotium, 340. 
Scolecobasidium, 232, 320. 
constrictum, 320. 
terreum, 320. 
Scopulariopsis, 287, 298. 
brevicau.le, 3&, 299. 
communis, 35. 
ccmstantini, 299: 
repens, 35, 299. 
roseum, 35, 340. 
rufulus, 35, 299. 
Sepedonium, 230, 308. 














Sodium hydroxide as germicide, 379. 
Soil fungi, 15. 
Sordaria, 340. 
Sordariaceae, 33, 228, 263. 
Sphaeriales, 33, 228, 261. 
Sphaerioidaceae, 33, 228, 265. 
Sphaeromonas communis, 347. 
maxima, 347. 
minima, 34 7. 
fagi, 33, 339. 
Sphaeropsidales, 33, 228, 265. 
Spicaria, 26, 230, 300. 
decumbens, 35, 302. 
dfoaricata, 300, 301. 
elegans, 301, 302. 
.~il1Jatica, 35, 300, 301. 
simplicissima, 29, 35, 300, 301. 
1!iolacea, 19, 29, 35, 300, 301. 
Spondylocladium, 233, 322. 
australe, 226, 322. 
xylogenum, 322, 340. 
Sporormia, 228, 264. 
fasciculata, 33, 264. 
SporQtrichum, 230, 305. 
pruinosum, 226, 305, 306. 
pul1Jiniforme, 306. 
roseum, 305, 306. 
Stachybotrys, 231, 313. 
alternans, 313. 
atra, 36, 313. 
cylindrospora, 36, 313, 314. 
lobulata, 28, 29, 36, 313, 314. 
Stemphylium, 233, 324. 
botryosum, 36, 324. 
paxianum, 36, 323. 
pi.riforme, 36, 324. 
1!erruculosum, 36, 324. 
Stilbaceae, 36, 233, 326. 
Stysanus, 233, 326. 
stemonites, 36, 326. 
Synsporium, 231, 315. 
biguttatum, 36, 315. 
Taxonomy of soil fungi, 16. 
Temperature and pH, 37. 
Temperature, effect on germicidal 
efficiency, 379. 
Tetracoccosporiwm, 233, 323. 
paxianum, 323. 
Tetramitidae, 348. 
Thamnidiaceae, 32, 227, 253. 
Thamnidium, 227, 253. 
elegans, 32, 253. 
Thermobacteriwm bulgaricum, 420 
Thielavia, 340. 
Tilachlidium, 233, 327. 
humicola, 36, 327. 
Tomato, inheritance in, 3. 
Torula lucifuga, 35, 339. 
Trichocladi111m asperum, 319. 
Trichoderma, 26, 27, 229, 271. 
album, 33, 271, 272. 
flavus, 340. 
glaucum, 19, 27, 29, 33, 272, 340. 
koningi, 19, 28, 29, 33, 272. 








Trichothecium, 231, 311. 
roseum, 35, 311. 
Tuberculariaceae, 36, 233, 327. 
Vahlkampfia, 346. 
lobospinosa, 346, 362. 
Valerie, 21, 148. 
Velocity of coefficients of growth 
and death rates, 63. 
Ventricosum, 329, 334. 
Verticillieae, 230. 
Verticillium, 230, 309. 
alboatrum, 309, 310. 
chlamydosporium, 35, 310. 
glaucum, 35, 309. 
terrcstre, 28, 29, 35, 309. 
Vibrio typhosus, 170. 
Volutella, 233, 327. 
piriformis, 226, 327. 
Water conduction in normal young 
apple trees, 88. 
W esenbergus, 128, 145, 152. 
giumai, 16'!. 
wesenbergii, 128. 
Willia anomala, 339. 
saturnus, 339. 
Yeast growth stimulant, 411. 
Zygodesmus, 340. 
Zygorhynchus, 227, 251. 
heterogamus, 252. 
moelleri, 32, 252. 
1!Uilleminii, 28, 29, 32, 252. 
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